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fabrication and data documentation) and vonald Byrge (testing).

This report was submitteé by the author in October 1980.
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variety of purposes for a number of years.

uses for these type
hospital facilities, offices,

SECTION 1
BACKGROUND AWD INTRODUCTION

The Air Force, as well as the other services, lias been

vtilizing lightweight, air transportable shelters for a wide

Some of the many

shelters include the housing of personnel,
and electrenic instrument stations.

Modular building concepts incorporating such features as

sandwich wall construction and adhesive bonding are routinely

used for these structures to reduce production costs. Walls

can consist of honeycomb or foam cores between aluminun skins.

In addition to the skin-to-core bonding found in honeycomb-

stiffened wall construction, adhesives are also used for metal-

to~-metal lap-type joints, and frequently serve both as a load
bearing structural member as well as a joint sealant against
environmental infiltration.

Shelters of this sort are used in many locations through-

and conseguently are subjected to a wide variety

out the world,
These ranoge from subzero

of environmental exposure conditions.
arctic temneratures to hot, dry desert climates as well a:s hot,
humid tropical conditions. Besides expcsure to these various

climatic extremes, the shelters are pericdically subjected to

abnormal stresses of transport from one location to another,

exacerbating the denands made upon the structural members and

bonded joints.
The shelter design requirements which most heavily in-
fluence the type of adhesives selected for use in structural
bonding are
(a) Maximum and minimum exposure temperatures of -40°F

(-40°C) to 200°F (93°C) with concomitant interior-tc-exterlior

thermal gradients coupled with varying humidity conditions uu

to saturation,
(b) Water resistance.
(¢} Cverall stress loads ranging from 300 to 1200 psi

(2.07 to 8.27 MPa), and

rreme LTI e ———r—m—— -
- S ———— -
- = - - - ——




() Long-term durabilaty of up to ten years of in-the-1ieid

-
E uscg.
Lxporience hias demonstirated that the hot-humid environmwent 3
3
15 the most demanding and that the adhesively bponded joints iy =
=
these structures are the sites nmost susceptiblie to faillure as a —

wn

re

]

Lt of exposure to the stryessces and clairulilc conaillong

"

describec above,

i E
3 The primary objective of this investigation was to rdentify ég
3 . . . . . =
1 commercially avaiiakle adhesives which have the capability ot
i retaining a substantial portion of thoir strustuwr al integridiy
: after prelonged exposure Lo thic comwincd cofects i aloevated
2 temuerature anda high humidity. A secondary objoective was to
; cvaluate the coffect of scolcected surface proparatyon variabloes
upcii the 1ntertaclal durability of bonded joints. & onajority
: of the work undertaxen was 1n dlrect responsce to the expresscu
é concerns and desires of both the shelter manufacturers and
: ACNCE8i1Ve Vondors as well as (hat of Lhe various services.
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SLCTION 2
E APPROACH
Two qdhesive characteristics were of pasic intercest in this

cvaluation etrtort: (1) the ability to resist the combination of

-

clevated temperature and high huwidity degradation, and (2) Jow
temperature toughness.  Although guantitative accept/roeiect

Sriteria for these twoe charactor:stics have not vet bheen detvined
the varicus adhesives cvaluated can at least Lbe comparcd tao cach

other and g¢given some sort of overall raakina.

Three types of tests wore used for the adhesive covalaticons
coaducted during this program: (1) lap shear, (2) {loating
roller peel., and (3) stress-durabilit, . Lap shear tests wore
conducted 1o measw e the eliect o both clevated teaperaturc
and humldlty aging upon adhesive projerties.  The enviirenmental
exposure condlitions werce sclected Lo corvaspeinu te those measured
1in the field [200°%F (33°0) and 95-100 preccent rolative humidikyd.

Fecl tests wero conagiidtou to charactolise tae touaitness. 'braittle-

(g

ness of the adhesives at low temiberaturces (-6

N

cdurability tests were conducto
of stress, clevated tempoerature, and hi-sh huniadity epon adhesive
bond life. The cnvirenmental exposurce cenditions for these werce

the same as for the lap snear tests.

A fourth type of mechanical test was used in the evaluation

of the various surface preparation parvamcters. This was a thick
é adherend, double-cantilever-beam (DCB) crackx coxtension test.

The results of these tests measurcd the influence of surface
preparation variables upon thc environuental dearadation of a

bonded joint.

3 2.1 MATERIALS AND PROCLSSLS

Therc arc four major cateqgories cf materials ana processes

(2) adherend surrace preparation proccdure; (3) adhesive surtace

primer; and (4) adhesive.

i

3

G b

°I" (-51°Cj). Stress-

to mecasure the simultancous cficets

which were of intecrest to this investigation: {1) adherend alloy:

‘I|
(T

I
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The two principle adborend matoersals were bare 50521134 and
vbUolTo aluminum alloys. Thesce represent the two princinle
aluminum alloys used 1 shelter construction today. A third
aruminum alloy, bare 2024T3 was usced to a limited extent during
the program becausce of exvensive prior experience with this
4110y in adhesaive bonding work. Tt 1s ncih gencrally used in
shelter construction, because neither the 2000 or 70080 series
aluminam dlloys are casily welded or are as ¢orrosion resistant
as the 5000 or GUOU0 sceries alloys.

The primary surface preparation procedure (sed for the

Lrodran was the eptaimized T,

adhesive bonding work in thas
(I'erest Products Laboratory) cteh treatment, although the non-
optimized FPL ctceh treatment (ASTM D2651, method A) was used for

3 ™

ome of the early work.  The cprimized FPL erch treatment (a

on

sodlam dichromate, sulluric acid solution! 1is being adented by
the shelter manufacturing industry as the standard aluminum
surface treatment for adhesive bonding. Details of these two
surface sreatment technicues and the significant differonce
between the two arc presented in Appendix T.

Two corrosion inhibiting primers were used during tne program:
BR127 by American Cyanamid and xA39530 by 3M. The BR127 was used
throughout the program while the X~3950 was used only in the lap
shear portion. In addition, some specilmens vwere prepared without
primer during cach part of the investigation. Appendix I1 describes

the primer application procedures.

Seven vendor-supplied adhesives were ecvaluated. These, to

the best of our knowledge, were all modifiec epoxies. Six of the
adhesives were supplied in the form of a supported film while one
(LR100-172) was a low viscosity, two-part system applied as a

thin unsuppcerted film ky hand after mixinug. The severn acdhesaves

wore
{1) LR100-172 (two part paste) Hysol
(2) R7114 (0.081b/£t2, 0.39Kg/m?) Reliable (Ciba-Geigy)
(3} XA180 (0.061b,ft2, 0.29Kg/m<)  3M
(4}  LR1C0-252 (0.091b/ft2, 0.44Kg/m“) Hysol (currently
A ' desigrated EA-96%52)
(5) MA=-429 (0.061b/ft2, 0.29Kg/mé) McCann
(6) R382-7 (0.081b/ft2, 0.39Kg/m?) Reliable (Ciba-Geigy)
{7) EAIGOINW (0.0851b/ft4, 0.42Kg/m2) Hysol

4
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These seven adhesives were selected because they were either in

current use 1in shelter construction or because they had been
identified as likely candidates to replace those which were being

used. Appendix V presents Manufacturers' data provided for each of
these adhesives. '

2.2 SPECIMEN FABRICATION PROCEDURES

The fabrication of the specimens used for data generation in
this pirogram consisted of a sequence of five distinct processes:

(1) Adherend surface preparation,

(2) Priming of freshly prepared adherend surface,

(3) Bonded joint panel layup,

(4) Curing of adhesive joint panel, and

(5) Machining of individual specinens from cured panel.
Each of these five processes is described in detail in Appendices

1 through IV, respectively. These include step-by-step descriptions

of cach procedure, as well as the quality control criteria used to
accept/reject a part or finished panel at each ster in the fabrica-

tion seguence.

2.3 TEST METHODS AND EXPEFRIMENTAL DESIGN

All testing conducted during this investigation was performed
in accordance with standardized procedures. Thus, the lap shear,
peel, and stress-durability tests followed ASTM test methods,
while the crack-extension tests were in accordance with a method

developed by the Boeing Corporation.

LYl

.3.1 Lap Shear Testing

Lap shear tests were conducted in accordance with
ASTM method D1002 on specimens from both the standard (fully
machined after bonding) and the preslotted (finager) types of
test panel (see Figqure 1). Specimens were used only if the
applied primer thickness and the cured glue line thickness fell

within specified limits. The techniques used to measure these
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thicknesses are described 1in Appendices JI and 1IT, respectively.

The specimens primed with BR127 were used only if the primer
thickness fell within the 0.,0002-0.0004 inch (0.005-0.010 mm)

range.  The specimens primed with H4-3950 were used only if the

primer thickness fell within the 0.0001-0,0003 inch (0.003-0.008 mm)

range. Both of these primer thickness ranges were recommended
by the respective primer manufacturers. The bonded specimens
were used only 1f the cured glue line thickness fell in the
0.004-0.007 inch (0.10-0.18 mm) range. This glue line thickness
range was cstablished by a consensus of shelter manufacturers

at the scarc of the progran.

IPigure ¢ li1sts the materials, processing, and test

cenditions included in the lap shear testing portion of this

jprodaram.,

With the exception of two adhesives, tho test matrix
consisted of a full factorial desiun i1ncorporating five replicate
specimens of cach combination of adhesive, specimen type, adherend
alloy, surface preparation, primer, and test condition. The two
excepted adhesives (LR100-252 and MA-429) were not tested on
finger specimens or with the standard FPL etch surface prepara-
tion. A full factorial design would have involved a total of
1,680 lap shear specimens. Table 1 indicates the actual test
matrix, the omitted combinations accounting for a reduction of

240 in the specimen total.

TABLE 1
LAP SHEAR TEST MATRILX

T Specimer Tyre Surface Preparation
| AeResSIVE Iyachined Fingar FPL [ Opt. IPL |
LR100-172 X X X X
R7114 X X X X
XAl80 X X X X
LR100-252 X —NOT TESTED -— X
MA-429 X ~—NOT TESTED —- x
R382-7 ' X bt X X
EA9GOINW . x ¥ ! ¥, ¥
H 1

NOTES:  All indicated combinations were prepar~d using all threc
primer conditions (nonec, BR127, and XA-3950), and two
adherend alloys (6061T6 and 5052134), .nd tested at two
test conditions [72°F (22°C) and 200°F (23°C) after hot-
Lumil aginag;.
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7 _Adhesives 2 Surface Preparations .
LR100-172---Hysol FPL Etch (except for LRL0OO- 3
252 and MA-429) |

it

'R7114----Reliable =
XA180— -—=3M Optimized FPL Etch z
LR100-252~-~-Hysol —2
MA—429--=-McCann 3 Primer Conditions 3
R382-7----Reliable No primex =2
EA9601NW--~Hysol BR127-=~~~ American Cyanamid é%

XA 3950~-~-~-- 3M §
2 Adherend Alloys . A;

2 Test Conditions

6061To Bare

5052H34 Bare 72°F (22°C)
200°F (93°C) after two weeks
at 200°F (93°C) and 95-100

m u\u‘LNﬁuﬂm‘uxrﬂum&d{b‘d“mW I uu/\‘M(WMW

2_Specimen Types percent R.H.
Machined
Preslotted [Finger] 5 Replicates
(except for LR100-252
and MA-429)

TOTAL -~ 1,440 Specimens

Figure 2. Lap Shear Tusting Plan.
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2.3.2 Floating Roller Peel Testing

Floating Roller Peel (frequently referred to as
"Bell" peel) tests were conducted in accordance with ASTM

method D3le7 (see Figure 3). Specimens were tested only if the

_applied primer thickness fell within the manufacturers recommended

limits {0.0002-0.0004 inches (0.005-0.010 mm) for BR127]. Cured
glue line thicknesses were not measured but the same shimming
process was used in the manufacture of these panels as was used
for the lap shear panels. This procedure results in about

95 percent of the cured bondlines falling within the desired
thickness range of 0.004-0.007 inch (0.10-0.18 mm) (Appendix
II1). Tests were conducted at both 72°F (22°C) and -65°F (-54°C).
Seven adhesives, three adherend alloys, one surface preparation,
and one primer were involved in the peel testing for a total

of 21 combinations. Additionally, one of the adhesives was

used without a primer, adding three more combinations for a

total of 24. Four specimens of each combination were tested at
each of the two test temperatures. Figure 4 lists the materials,
proc¢essing, and test conditions included in the peel testing

portion of this program.

2.3.3 Stress-Durability Testing

Stress-durability tests were conducted in accordance
with ASTM method D2919 (see Figure 5). The same accept/reject
criteria regarding primer and glue line thickness were followed
with these specimens as with the lap shear specimens mentioned

in Paragraph 2.3.1.

Stress—-durability tests consisted of mounting the
specimen in the fixture illustrated in Figure 5, imposing a
predetermined shear stress upon the specimen, and placing the
specimen-fixture assembly in an eclevated temperature, high
humidity aging environment until the specimen failed as the
exposure period reached a preselected limit (1000 hours in this

program). In the event that the exposure period reached the

ki
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127Cm
(0S0IN)

NOTE: A 1S TO 3.0 IN (38.1 TO T74.1MM) SHIM CAN BE USED TO FACILITATE
THE START OF PEEL.

{a) TEST PANEL AND TEST SPECIMENS

(/8 IN) 095-098 CM
e O 316 CM ALUMINUM »  r (038-039 IN)
10

R STAINLESS STEEL . ' IN DIAMETER

330CM
T {130 1IN}
. '
I S
~305CM ~
i (120 IN)
A
< - 3/BIN -16 STUD l , BEARINGS
ROLL EXTRA
3/8 IN -16 NUT Lot g%gg‘L lONOLL

SYNTHETIC SEAL BALL
BEARING WITH EXTENDED
INNER RACE

TS~ RIGID ADHEREND
{0.064 IN.)

. FLEXIBLE ADHEREND

WiIOTH
(0.025 IN)

(0.501IN.)

(b) ROLLER DRUM PEEL TEST FIXTURE

Figure 3. Floating Roller ("Bell") Peel Specimen and Fixture

(from ASTM D3167).
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7 Adhesives 1l Surface Preparation
LR100-172 Optimized FPL etch
: . : ‘R7114
XA-180 1 Primer Condition
g ] LR100-252 BR127 (except for LR100-172)
5 . MA-429
E

R382-7
EA9601NW

Test Conditions

[\8]

e w“‘ ‘

72°F (22°QC)

- o - o
3 Adherend Alloys 65°F (=34°C)

R M AL
1

2024T3 Bare 4
606176 Bare
5052H34 Bare

Replicates

TOTAL - 192 Specimens

Figure 4. DPeel Testing Plan.
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Figure 5. Lap Shear Specimen

and 3tress-Durability Fixture
(from ASTM D2919).

12




b ALy

-

1000 hr. limit without specimen failure, the fixture was removed
from the environmental cabinet, and the specimen unloaded and
removed from the fixture and tested for residual strength. This
test was aimed at providing additional data on the effect of
environment upon adheslives. While not necessarily providing
real-life design type data, it did provide a comparative ranking

of adhesive resistance to environmental degradation.

Sstandard lap shear tests were conducted at 72°F
(22°C) and 140°F (60°C) on dry unaged specimens to provide hase-
line data. Stress-durability tests were conducted in a 140°F
(60°C) and 95-100 percent R.H. envircnment at two stress levels:
(1) 40 percent of 140°F (60°C) dry ultimate strength, and (2) #0
percent of the 140°F (60°C) dry ultimate strength. Times to
failure were recorded and any specimens which had not failed
withan i,0uu nours were removed and tested for residual strength
at 140°F (60°C). Seven adhesives, two adherend alloys, one
surface preparation, and one primer were used for these tests;
a total of 14 combinations. Additionally, as before, one of the
adhesives was used without primer, bringing the total numwer
of combinations of 16. Three specimens of each cumbination were
tested at the two baseline conditions and five specimens of each
combination were tested for durability at the two stress levels.
Figure 6 lists the materials, processing, and test conditions

included in the stress-durability testing portion of this program.

2.3.4 Thick Adherend DCB Crack Extension Testing

Crack extension tests were conducted with the
thick adherend DCB specimen, and in accordance with the pro-
cedures described in AFML-TR-76-173. This specimen is illustrated
in Figure 7. Specimens were used only if the applied primer
thickness fell in the 0.0002-0.0004 inch (0.005-0.010 mm} range.
As with the peel specimens the glue line thicknesses were con-
trolled during fabrication but not measured. The objective of this
Lortion of the proaras was to examane the offects of surface
preparation variables upon the bond between the metal oxide and

the surface primer. Only one adhesive (FM73) was used. This

13
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7 Adhesives 1 Surface Preparation
LR100-~172 Optimized FPL etch
R7114
: XA180 ' 1 Primer Condition
LR100-252 BR127 (except for LRL0O0-172)
MA-429
R382-7 2 Test Conditions
EA9601NW

409 stress level

2 Adherend Alloys 60% stress level

606176 Bare 5 Replicates
5U52H34 Bare

TOTAL - Stress-durability - 160 specimens

Bascline statics - 96 specimens
{3 replicates)

Figure 6. Stress-Durability Testing pPlan.
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adhesive had been shown in the Primary Adhesive Bounded Structures
Technulogy (PABST) program to be highly resistant to elevated

temperature, high humidity degradation, and was selected to

maximize the probability of failure along the oxide/primer
interface. Only one primer (BR127) was used. One exception

to this work plan was the use of a second adhesive (LR100-172)
without primer in a few tests. The tests were conducted in a
140°F (60°C), 95-100 percent R.H. environment and crack lengths

were measured as a function of time. The crack propagation locus

was also recorded (i.e.: interfacial or within the adhesive
layer). Figure B8 lists the materials, processing, and test

conditions included in the crack-extension portion of this

program.
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9 Adhesive/Primer/Adherend Alloy/Surface Preparation Combinations

Adherend OFPL Sweetening Rinse
Adhesive:Primer Alloy Alloy Water
[ ] FM73:BR127 2024T3 2024 Tap
) FM73:BR127 202473 2024 Deionized
® FM73:BR127 5052H34 2024 Tap
3 ° FM73:BR127 5052H34 5052 Tap
i ° FM73:BR127 6061T6 2024 Tap
°® FM73:BR127 6061T6 6061 Deionized
- e FM73:BR127 GO91Te 6061 Tap
L e LRIDU-172:None  5052H34 2024 Tap
® LR100-172:None 606176 2024 Tap

1 Test Condition

140°F (60°C) and 95-100% R.H.

5 Replicates

TOTAL - 45 Specimens

Figure 8. Crack-Extension Testing Plan.
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DISCUSSION QOI' RESULTS

The interpretation and assesswment. of the results obtained

in this investigation are bascd upen the measured sirengths,

t1lne -fatlure, and strain encrgy relcase rates neasured in
the various tests as well as the observed tailure modes in the

bonded joint interfaciral arecas.

Traditionally, bonded joint failures have been reportec
as adhesive, cohesive, or scme combination of the two. 1In
this coentext, adhesive fallure referred to o failure loccus
aionyg the interface bLotween the substrate and the adhesivo
layer, while cohesive failure rcforred te a failurce locus
completely within the adhesive layer. It was telt that with
the inclusicn of a primer layer in the bond, along with but
¢lstinct from the adhesive laver, the traditional means ot
reporting failure mode was inadeguate. Acceordingly, a
different format for reporting fallure mede was adopted
during this iavestlgation. This format is 1llustrated and
explialned in Figure 5. The lulerpretalion oi bonded joint
failure modes is very subjective. It is difficult, with the
naked eye, to ascertain the exact failure mode unless it 1is
totally cohesive (within the adhesive liayer). Interfacial
failure modes may appear obvious but cne carnot be sure, short
of resorting to expensive surface instrumental analysis, that
a very thin layer of primer cr adhesive has not remained achered
to an otherwise clean appearing surface. Since the primer layer
is so thin, the only evidence of its presence, to the cye, is
generally color. In this investigaticn the enly ciscriminations
made regarding failure mode were those dectectable by eye. Taus,
it is to be recognized that reyardiess ¢i the different presen-

tation format, the failure modes reported 1 this document are

still subjective.

3.1 LAP SHEAR TLST KLSULTE

'3

The data obtaincd f{rom the Lesting £ the lap shear spoecimens

are summarized in -_blu 2 throuch 9. The values presented 1in
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For Ronds Made With No Primer

~-X
T—-cohesive failure within the adhesive layer (%)

i<

L adhesive (interfacial) failure between the adhesive
and the substrate oxide (%)

" For Bonds Made With a Primer on the Substrate Surface

X=i-X~X
4343
‘ cohesive failure within the adhesive layer (%)

l-————adhesive (interfacial) failure between the
adhesive and the primer (%)

L

cohesive failure within the primer layer (%)

L—-—————-—-adhesive {interfacial) failure betwecen the primer
and the substrate oxide (%)

Example: 5-0-30-65 indicates that, according to the observer's

estimate, the failed joint exhibits the following
failure mode.

The primer pulled cleanly off the metallic oxide

on 5% of the bond arca.

At no poinu alorg the bendline did the failure
locus run cohesively within the primer layer.

The adhesive debonded cleanly from the primer on

30% of the bond areua.

The failure locus ran conesively within the
aciies ive layer on (50 b ihe bond ave:n.
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these tables represent averages of five replicate specimens.
A comprehensive listing of all cf the individual specimen-by-

specimen lap shear test data is presented in Appendix VI.

In general, three adhesives (LR100-172, XA-180, and LR100-
252) withstood moisture attack very well, exhibiting residual
strengths after exposure of greater than 1000 psi (6.89 MPa)

in every case.

Two other adhesives (R382~7 and MA429) withstocd moisture
attack well but did exhibit a few residual strength vaiues less
than 1000 psi (6.89 MPa). The residual strength after aging of
the R382-7 system fell below 1000 psi (6.89 MPa) in five out
of 24 cases. Two 0f these were on unprimed FPL etched surfaces
and exhibited interfacial failure. A third was on an unprimod
OFPL-etched surface and exhibited considerable interxrfacial failure.
The other two were on BRl127-primed surfaces and very narrowly
missed the 1000 psi (6.89 MPa) level. The residual strength
after aging of the MA429 system fell below 1000 psi (6.89 MPa)
in two out of six cases. One of these was on an unprimed surface
and exhibited interfacial failure. The other very narrowly

missed the 1000 psi (6.89 MPa) level.

Another adhesive (EA9601NW) exhibited marginal moisture
resistance. In 14 of the 24 cases, the residual strength atter
aging of this adhesive fell below 1000 psi (6.89 MPa). Twelve
of these 14 cases, however, exhibited interfacial failure between
either the adhesive and the primer layer or between the adhesive
and the unprimed adherend. The other two were cohesive failures
within the adhesive layer. This indicates that with the EA9601NW
adhesive system, the interfacial bond degrades more rapidly than

the adhesive itself during hot humid environmentil aging.

The last adhesive (R7114) was very susceptibie to moisture

degradation. Tn 23 out of 24 cases, the residual strength of
this system after aging fell belcw 1000 psi (6.89 MPa) and the
one exception reached cnly 1100 psi (7.58 MPa). Most of these

failures are within the adhesive layer (cohesive failure).
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The optimized FPL etch produces consistently higher
strength levels than the standard FPL etch on the machined lap
shear specimens. On the preslotted type specimens, however,
some adhesive/primer combinatigns exhibited higher strengths
on the FPL etched surface than on the OFPL etched surface.

In general, specimens made with the 6061T6 alloy exhibit
higher joint strengths than those made with the 5052H34 alloy.
Since the 6061T6 has a higher yield stress than the 5052H34,
the bending at the end of the lap area is postponed until a
higher load is reached during a lap shear test. This, in turn,
postpones the introduction of peel stresses into the joint and
leads to the higher joint strengths.

Although moisture degradation appears to be sligntly more
severe on the preslotted finger specimens than on the machined

specimens, the differences between the two is not substantial.

In general, the specimens with primed surfaces resist
degradation better than those with unprimed surfaces. In some
cases, howaver, the reverse 1s true but the overall difference
1s not substantial. There seems to be little difference in
the residual property results shown by either the BR127 or

AA3950 primers.

3.2 PEEL TEST RESULTS

The data obtained from the testing of the peel specimens
are presented in Table 10. Probably the most obvious feature
of this data is the fact that the bond formed between the BR127
primer and the LR100-172 adhesive has very little resistance to
peeling stresses! All of the specimens primed with BR127 and
bonded with LR100-172 failed along the primer/adhesive interface

at low lcads,

The peel properties of the unprimed specimens bonded with
LR100-172 were significantly higher than those of the primed

specimens. Failures were predominantly along the metal/adhesive

mem; il
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TABLF 10
FPLOATING ROLLER PLEEL TEST RiZSULTS

suwstrate

alloy Primer

.

e — e

b -

Adiies 1ve

Strength | rail. Node
R &

= T T T ]
Feel Strongth (lb/incin width) )
72°r ~65°F

pu—

strenuth

Fail, Mad:-

202473

Hone

BR127
BR127
BR127
BR127
BR1Z7
BR127
BR127

2024713
2024713
202473
202473
2524735
202473
202473

GUGLTO None
620176 B8Kl27
6GelT6 | BRL27
6061T6

BR127
6001TH lBRlZ?
GUBLTG
626176
606176

BRLLT
8R127

BRL2T

Ao e
M el ae

6052d 34

-

LR1OL-172 25.5

&

LR100O-172
R7114 4l.
XAal80 33.

100=-252 44.

mA-d22 15

R322-7 1.

EAD6OL Nw 40,

[sSHE PEEVVIRN¢ SN SR e

LRlUu—l7¢! 11.6
LRICO-172 | o
R7114 37,2
X180 ! 12.4
LoD-2%2 1 2v.3
A= 2 Ji.u
%382-7 22.5
EAM60L KW 52.0

LREDO=1T: 13.6
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intertace et the unprainmed LRLO9-172 specimens but at relatively
high loads compared to the primed specimens, which failed along

the adhesive/primer interfacc.

The lap shear tost results, discussed previously, and the
lap shear stress-durability test results, discussed later, failed
to provide aity indication of the BR1I27/LR100-172 adhesive/primer

incompatibility manifested by the peel test results in Table 10.

I general, the LAY6QLNW and the XAl180 adhesives gave the
best peel strength levels at -65°F (=-54°C). These were followed

by the unprimed LR100-172 system, then R7114 and LR100-252.

Next in rank are the R382-7 and MA-429 systems ang the lowost

was the primed LR1C0-172 system.

Gencrally, the failure locus beconmes more interfacial 1in
nature as the test temperature changes from 72°F (22°C) to -65°F
(=54°C). Thus, the primer layer, and 1ts associated intertfaces.
appears to have been the portion of the bond most susceptible to
low temperature vecling stresses. After the tests were completed,
concern was expressed that the primer thickness should have been
reduced. Since we were, howevel, interested i1 joinls representa-
tive of those present in shelter structures, and not those ideal
for best peel properties, our specimens were prepared with the
same primer layer thickness as used for the lap shear joints.

In addition to the strength levels exhibited by cach adnesive
system, a consideration of the failure mode and relative amount
of strength decrease from room temperature to -65°F (-54°C) 1is
alsc useful. Hence, a brief, general, adhesive-by-adnhesive

description cf the results follows.

The EA9601NW loses about one-third of its room temperature
peel strength at -65°F (-54°C:. At room temperature, it fails
precominantly within the adhesive layecr (cohesive), while at
the reduced temperature, the failurce node becomes more primer
and more interfacially oriented with a mixture of all four of

the modes explaired in Figure 9 evident.

The xAl80 adhesive system 10ses about one-third of its

room temperature peel strength at -G5°F (-54°C) also. This
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system exhibits reliatively little failure within the adhesive
layer at either test tempcraturc. Rather, the failure locus

is prircipally along the adherend/primer interface and tc a
lesser extent along the primer/adhesive interface, with a small

amount appearing to be within the primer layer itself.

The R7114 adhesive loses abuut one-half of its room
temperature strength at -65°F (-54°C). Whiie its failure mode
is primarily cochesive (within the adhesive layer) at both test
temperatures, a substantial amount of primer/adhesive intexfacial

failure appears at the lower temperaturs.

The unprimed LR100-172 adhesive loses very little of 1its
room temperature peel strength at -653°F (-54°C). At both test
temperatures, however, the failure mode is predominantly inter-

facial along the adherend/adhesive interface.

The LR100-252 adhesive loses between one-half and three-
gquarters of its room temperature peel strength at -65°F (-54°C).
Its failure mode at room temperature exhibits substantial amounts
of adherend,/primer and primer/adhesive intertfacial failure as
well as cohesive failure within the adhesive layer itself. At
-65°F (-54°C) tne failure shifts entirely to the adherend/primer

interface and to the primer layer.

Both the R382-7 and MA-429 adhesives exhibited failure locti
in peel wnhich were precdominantly along the primer/adhesive inter-
face at both test temperatures. Both adhesives also exhibited
peel strength reductions of over 50 percent when tested at
-65°F (-54°C).

Comparing these peel results with the lap shear results
discussed in Paragraph 3.1, one notes that only the XAl80

adhesive ranked high in both peel and lap shear.

3.3 STRESS-DURABILITY TEST PESULTS

The data obtaincd from the lap-shear stress-duraipliity
] A

and illustrated in Flgures

<

tests are summarized 1n Table 11
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and ll. The values presented in this table represent averages

of at least five replicate specimens.

In addition to the hours-to-~failure exhibited by each ad-

hesive, the stress level to which the specimens were subjected

during exposure are noted. Since each adhesive system exhibits its

own characteristic strength and since the expcsure stress levels
were set at a percentage of the adhesives lap shear strength at
140°F (60°C), one must consider the stress during exposure as
well as the time-to-failure and failure modc in assessing

relative stress—aurability of the varicus adhesives.

The lap shear contrcl strength values, upon which the

exposurc stress levels are bascd, are presented in Appendix VIII
along with the individual stress-durability results. The 140°F
(60°C) lap shear control strength values were used to compute

the 40 percent and 60 percent stress levels for use during the
durability exposures. The room temperature values were measuarcd
primarily to provide a means of checking the quality of the
panecls from which these specimens were obtained against the

roon temperature lap shear results for the same combinaticns cof
adherend, surface preparation, primer, and adhesive tested durincg
the lap shear portion of the program and discussed in Paragraph
3.1. In 14 of the 16 cases, the room temperature strength values
obtained from the stress-durability panels are within 10 percent
of the value obtained previously in the lap shear testing. The
two exceptions both occur on 5052H34 adherends with one (XAl80)
being 17 percent lower than the original lap shear result and
the other (R382-7) being 42 percent higher. There are more
frequent diffcrences in the apparent failure mode with 11 of
the 16 cases exhibiting substantial differences in failure mode
from the original results. Fcor the most part, these differences
in failure mede consist of more failure along the metal/primer
interface in the control specimens for the durability tests than

in the original lap shear results.
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The single most obvious feature of the data plotted in
Figures 10_and 1l is the reversed slope of the curves fo. LR100-
252 and CA9601NW on 5052H34 adherends. No explanation for this
can be offered uniess the times-to-failure and stress levels were
inadvertently interchanged for these two combinations. These
tests were rerun however, using extra specimens left over from the
original LRL00-252 and EA9601NW panels. he data from these tests
are presented in Table 12 and Figure 12 and are consistent wilth

the trend one would expect.

It will be noted in Figure 10 that the 6061T6 stress
durability curves seem to fall into three general groupings.
One, representing those adhesives with the best stress-
durability behavior includes LR100-172 (with primer), LR100-252,
MA4 29, and EA9601NW. The second, representing those adhesives
with intermediate stress durability behavior, includes XA180,
R7114, and R382-7. The third includes only the LR100-172

adhesive used on an unprimed surface and represents a very

short time-to-failure.

Assuming that the second set of tests with the LR100-252
and EA9601NW adhesives on 5052H34 adherends (Table 12) is more
indicative of their stress-durability behavior than the first
set (Table 11), the stress durability curves for 5052H34 acherends
(Figure 11} also fall into three general groupings. The first,
representing those adhesives with the best stress durability
behavior includes MA429, LR100-252, and EA9601NW. The second
grouping, representing those adhesives with intermediate stress-—
durability includes LR100-172 (both with and without primer),
XA180, and R382-7. The third group for the 5052 adherends 1is

composed only of R7114 and represents a very short time-to-failure.

Figure 13 superimposes the 6061 and 5052 data groupings on
a single graph for greater ease in visualizing the relative adhe-
sive/adherend stress-durability behavior. It can be seen here
that the general location of the high, intermediate, and low data

groupings coincide fairly well for both adherend alloys.

In summary, three adhesives (LR100-252, MA429, and EA960 1NW)
exhibited consistently higher stress durability than the others
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SHEAR STRESS DURING EXPOSURE (PSI)

ADHEREND
GROUP ALLOY ADHESIVES
1 6061T6 Al A4 A5 AT — — — 5052H34 ADHEREND ALLOY
2 606176 A2 A3 A6 —— 606176 ADHEREND ALLOY
3 5052H34 Al Al A3 A6
3400 - GROUP |
GROUP 2
3000 %
2600 = SN
iy N
Al* a——
2200 | \\
\
1800 \
\
\
1400 - A2
GROUP 3
1000 1 1 —J
| 10 100 1000
TIME TOFAILURE (HRS)
Al* (R100-172:NC PRIMER A4 LR100-252:BR1?7
Al LR100-172:BR127 AS  3A-429:BR127
A2 R7114iBR1?7 A6 R382-7:BR127

A3 XA180:BR1?7

Figure 13.
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tested in this program. One adhesive (LR100-172 with primer)
performed well on the 6061T6 alloy but only moderately well

on the 5052H34 alloy. Two adhesives (XA180 and R382-7) fell
into the intermediate time-to-failure regions on both adherend
alloys. The last two adhesives (R7114 and LR100-172 without
primer) fell into the low to intermediate groupings on each

adherend alloy.

There does not seem to be a consistent relationship
between failure mode and stress durability. The three better
adhesives in this type test exhibit markedly different com-
binations of failure. The MA429 exhibited considerable achesive-
to-primer failure, the EA9601NW considerable failure within the
adhesive layer, and the LR100-252 consideraple primer-to-metal
failure as well as failure within the adhesive layer. The two
lower durability adhesives displayed dramatically different
failure modes with one being exclusively interfacial between the

adhesive and the unprimed metal while the other was predominantely

within the adhesive layer.

3.4 CRACK EXTENSION TEST RESULTS

The data obtained from the testing of the double cantileverx
beam (DCB) crack extensjion specimens are summarized in Table 13

and presented graphicaily in Figures 14 to 16.

One oi the differences between the standard and optimized
FPL etching solutions is that the optimized solution is "sweetened"
by dissolving 2024 aluminum in the acid solution before it is used
for panel etching (see Appendix I). This "sweetening" has been
found to provide significantly improved bonding. One guestion
which arose in the course of this investigation was whether the
"swecetening"” of the initial etch solution should be accomplished
by dissclving 2024 aluminum alloy (as the normal optimized FPL
process calls for) in the etch scolution regardless of the type
of alloy to be treated, or whether the soluticn should be
"sweetened" with the same alloy as that which is to be etched.

Three different alloy "sweeteners" were consequently utilized

in this portion of the program.
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After etching, the adherends are rinscd before drying. This
rinse can be accomplished with either tap water or deionized water.
Some Juestion existed as te whether deionized water rinsing leads
to significant bond improvement considering its considerably

higher cost. This was also examined.

The principle conclusion of the results presented in Table 13

and Figures 1l4-1€ is that regardless of the aluminum alloy being

etched, the etch bath should be sweetened with 2024 alloy for
highest bond durability. The reason for this is generally felt
to be the presence of copper in the 2024 alloy. 1n fact, some
investigators believe that sweetening the bath with copper alonc

sl

is sufficient. Examination of the failure modes for these tests

ottt o

corroborete the differences in interfacial bond guality obtained

when the etch bath is swectened with 2024 rather than a non-
coppuer containing alloy. Thc buaths sweetened with the
ccpper containing 2024 alloy prcduced bonds which failed pre-

dominantly in the adhesive layer, while those sweetened with

o W bt it

b

thc non-copger allcoys prcduced bonds which failed predominantly

(

at the adherend-primer interface.

wile b

The use of a deionized rinse rather than a tap water rinse
appears to be marginally worthwhile. On a 2024 alloy adherend E

etched with a 2024 sweetcned bath, a deionized rinse producedé a

ol L

more durable bond, the difference becoming relatively greater as
the aging timc increased. Further, the tap water rinse resulted

in substantially more failure alon¢ the metal-primer interface

than the deionized water rinse. On a 6061 alloy adherend

etched with a 6061 sweetened bath, however, the deionized

rinse produced a less durable bond. Since these latter two

boads were both pocr due to the use cf a non-copper containing
swectener, the relative cffects of the two rinse methods may E

have bten obscured by the poor bonds.

The last observation available from tahesc results is that
the LRL00-172 adhesivc withoul primer is very inferior to the
FM73/BR127 combination insofar as its initial (up to 504 hours

and more) ability to withstand crack extension is concerned.

B .15 sl o, s

W W o




The LR100-172 adhesive bond, however, degraded less during
cxposure taan the FM73/BR127 system. It is conceivable that

had the exposures been extended to a long enough time (60-100
days 1if the data in Figure 16 1is oxtrapolated) the LR100-172

may have proven che more durable. The fact that thiese LR100-172
bonded joints failed predominantly within the adhesive layer
rather than at the adherend-adhesive 1nterface indicates that
this adhesive forms a bond directly to the bare etched metal
which does not require a primer layer to impart environmental

aurability when loaded in a cleavage mode at 140°F (60°C).
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SECTION 4 _ o
SUMMARY AND CONCLUSIONS B

7 It was stated in the introduction that the primary objec-
" tive was to identify adhesives which have the capability of , __if
retaining a substantial portion of their structural integrity '

!

‘after prclonged exposure to the combined effects of elevated
temperature and high humidity. This judgement must be based
upon the overall performance of the adhesive in a variety of

loading modes and environmental conditions as well as upon

the anticipated requirements of the particular application.
Hence, it is felt that comparing the relative performance

of the adhesives tested in this program in the various different

loading modes and environmental conditions is an appropriate

ol m»:w:;.‘ﬂumr o

way to conclude. This comparison is presented in Table 14 as
a subjective rating of each adhesive in lap shear, peel, and
stress durability.

It can be observed in Table 14 that no single adhesive
ranks high in all categories. Hence, the use of only one or
two types of tests for evaluating adhesives for shelter applica-~
tions is inadequate since some adhesives can display good
property levels in one type test and poor property levels in
another. Indeed, the adhesives can be formulated to exhibit

i

superior characteristics under one or two stress conditions

and environments.

3 gz,

A secondary objective was to evaluate the effect of

(o

vttt

selected surface preparation variables upon the interfacial
durapility of bonded joints. Two variables were evaluated:
the type of aluminum alloy dissolved in the FPL etch solution

Jh

ot D by,

to "sweeten" it, and the type of water used to rinse the
panels after etching. The most significant result of these
tests was that regardless of the aluminum alloy being etched,

the FPL etch bath should be sweectened with 2024 alloy, presumably
Unless this dissolved copper

et

because of its copper content.
is present in the etch solution, bonding surfaces resistant

3
3
3
=)
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TABLE 14
SUMMARY RANKING COF ADHESIVES

Relative Ranking in Comparison -
to Other Adhesives Tested
Aged Low Temp. Stress
Adhesive Lap Shear Peel Durability
LR100-252 high intermediate high
XA180 high high intermediate =
MA 429 high-te- low-to-~ high
intermediate intermediate
EAS601NW low-to- high high E
intermediate
LR100-172% | nigb high-to- low-to-
intermediate intermediate E
R382-7 high-to- low=-to- intermediate -
intermediate | intermediate A
b LR100-172 | high low high-to-
P intermediate :
§ R7114 low intermediate low-to- ]
£ intermediate 3

lon unprimed adherend surfaces.
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to humidity degradation will not be obtained. The use of
.deionized water for rinsing during adherend surface preparation
provides some improvement in boend durabiiity but the added cost
must be weighed against the amount of improvement attained in
large industrial processes. This judgement must also take

into account the quality of tap water available in order to
determine the degree of durability achievable without

deionized water rinsing.

One other testing variable evaluated in this investigation

3 : was the type of specimen used in the lap shear tests. The use
of the preslotted (finger) specimens for lap shear testing

offer no advantages over machined specimens in the development

AT

of shear data since the adhesives evaluated were ranked in

the same order of decreasing strength by both types of specimens.

v

Since the finger specimens are more expensive, there is no

advantage in their use.

et b Gl b s Ll ‘WMMMMMMMWMLumuilﬂlumﬂdu\mwm 1
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APPENDIX I
ADHEREND SURFACE PREPARATION PRCCEDURES

Twe different surface preparation procedures were used in
the preparation of the test specimens, a standard and an optimized
FPL etch. The standard basic (or non-optimized) FPL etch treat~
ment is described in ASTM D2651, Method A. The optimizaed FPL
etch treatment is described in ASTM D2651, Method G. The
step-by-step procedures utilized in this investigation are
described as fcllows.

Adherend Etch Procedure

1. Solvent wipe with MEK or acetone. s

2. Vapor degrease f£2r 10 minutcc in trichlorcethylene.

3. Alkaline wash for 10 minutes at 155 + 5°F (68 + 3°C) .
(Note 1). o

4. Water rinse for 10 minutes in a continuous flow bath :
(Note 3).

5. Etch for 10 minutes in the FPL (or optimized FPL) etch

solution at 155 + 5°F (68 + 3°C) (Note 2).

6. Watexr rinse immediately after removal from etch solution
for 10 minates in an agitated continuous flow bath
(Notes 3 and 4).

7. Force dry with a heat gun or in an oven for 10 minutes
at 150°r (60°C).

~Notes:

1. Alkaline solution consists of:

a. 1 gallon tap water
172 grams 'Turco 4215
7 mi. Turco 4213 adaitive

oo

<. Fi’. chten 3oiution censisted of:

. R . T T
i paa . PR R A G- ) LQ:/ waos e
. i.7 grams Naalry 2HHU
- . e y
. L. Jliere 050, (reauent:
C 20 wine o Zissolved 2024 alunrminn :

k3
Tomlirimlg2a PPy eboh soiotlor

i
B fooLa o wooo T a2 wad unoo bd Looooh Lol oL v
T e I A R B S ST L =S T C P SRR Al ,
<l Lrtension (Parearapha S oan oA mpooaman,
o opotr tre standacd ang ostimivan UL ~uTaen. vor -
SZaoaostnyn st anens {(Pecy, Droosy-oalin ity . aut
B =
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part of the Crack Extension, Paragraphs 2.3.2-4,
and 3.2-4) a deionized water rinse was used.

4. At the conclusion of the rinse step, cleaned parts
were observed for water break. A panel passed if
a continuous film of water was maintained on the
surface for not less than 30 seconds. Parts failing
this water break inspection were reprccessed through
the acid etch procedure described above. 1If the part
failed a second time, it was discarded.

It will be noted that the only Jifference between the
standard and optimized FPL etch procedure is that the etch
solution used in the optimized procedure has 2024 aluminum alloy
dissolved in it while the standard solution does not. The
significance of this difference seems to be in the copper
content of the starting etch sclution imparted by the copper
containing 2024 alloy. If a non-optimized FPL etch solution
is used to treat a copper containing alloy such as 2024, the
copper content of the solution will increase and the solution
will gradually becorme optimized. A copper concentration equi-
valent to that obtained by dissolving 0.20 cunces or more of
2024 aluminum alioy per gallon of solution (1.5 gm/liter)
is required for an FPL etch solution to be considered optimized.
During this investigation, the non-optimized FPL etch solutions
were discarded before the copper content reached this level.

Titration to Determine Sodium Dichromate Concentration
of FPL Etch Solution

Materials: ~ Sulfuric Acid, concentrated - 96.4 percent
- Potassium lodide, crystals
- Sodium Thiosulfate, 0.1N (purchased)
-~ Starch Indicator Solution
- Deionized Water

All materials to be reagent grade.

Hardware: - Mettler Balance
- Pipette: 1 ml, 1/100 ml graduations
- Pipette: 2 ml, 1/10 ml graduations
- Pipette: 5 ml, 1/10 ml graduations
- Pipette: 25 ml, 1/10 mi graduations
- Pipette: 50 ml Transfer
- Burets: 2 ea. 100 ml Automatic
- Burets: 1 ea. 50 ml sutomatic
- Burets: 1 ea. 50 ml
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- Magnetic Stirrer

- Magnetic Stir Bar

-~ 250 ml Ehrlenmeyer Flask

- Pipetting Bulb

- 250 or 500 ml Holding Bottles
- 125 ml Ehrlenmeyer Flask

- 1000 ml Ehrlenmeyer Flask

-~ 100 ml Volumetric Flask

Procedure:

1.

10.

11.

12.

Clean all glassware with Alconox and water, rinse several
times with distilled or deionized water and allow to dry
thoroughly.

Insure that glassware is at room temperature.

Make sulfuric acid, 10 percent, by weighing 100 grams of

sulfuric acid (concentrated) into a flask (125 ml). Fill
a 1000 ml flask with 500 grams of deionized water (weigh
it). Pour the acid into the deionized water while stirring.

Weigh additional deionized water into the flask until you
have 1000 grams of solution.

Make 20 percent potassium iodide by weighing 20 grams
into a 100 ml volumetric flask. Add a little bit of
deionized water and swirl until the crystals dissclve.
Add deionized water until the 100 ml volume mark is
reacned by the bottom of the meniscus. Store in a dark
place -- it is light sensitive.

Pipette 2 ml of acid etch to be tested into a 250 ml
Ehrlenmeyer flask. Drop a magnetic stir bar into the
bottom and place on a stirrer.

Add 50 ml of deiorized water by transfer pipette.

Add 12.5 ml of 10 percent H;SC4 (by pilpette or buret).

Add 3 ml of potassium iodide [20 percent solution] (by
pipette or buret).

Titrate with 0.1N sodium thiosulfate until a straw color
appears ~- do this very slowly so as not to overshoot
the end-point (from buret).

Add 2 ml starch indicator by pipette.

While stirring rapidly, add 0.1lN sodium thiosulfate 3
dropwise very slowly until color changes to a light blue.

Record the number of ml of sodium tniosulfate usea.

’ “WM“ bl Hmm,ﬂMm o




Calculations:

Determine the sodium concentration by the following
formula:

. o
rl of sodium thiosulfate (0.1y) x 4.967 _ Sodium dichromate
= concentration in

2 grams per liter
of solution

Safety:

Wear safety glasses, acid proof gloves, and a lab coat.
Use Pipetting bulb for transferring liguids. Decontaminate
spills with Alconox and water. For skin contact, wash
thoroughly with soap and water. For eye contact, rinse
15 minutes with water, get medical aid.

Titration to Determine Sulfuric Acid Concentration of
FPI, Etch Solution

Materials: - 0.1N NaOH Solution (purchased)
- Deionized Water

Hardware: - Pipette: 1 ml, 1/100 ml graduations
- Pipetting Bulb
~ 250 ml Beaker (2)
- Magnetic Stirrer
- 50 ml Transfer Pipette
- Magnetic Stir Bar
- pH Meter
- 100 ml Automatic Buret
- pH7 Buffer Sciluticn

1. Clean all glassware with Alconox and water, ary
thorousitly and bring b2 room temperanure.

e
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7. - Rinse electrodes and wipe dry.

8. Immerse electrodes in the acid solution which you have
placed on a stirrer.

9, Add NaOH (0.1N) drppwise until pH 3.5 is reached.
i0. Reccrd the number of ml on MNaOH (0.1N) used.
Calculations:
Determine the sulfuric acid concentration as follows:

ml of NaOH (0.1N) x 49,04 _ Sulfuric acid concentration in
5 grams per liter of solution

Safety:

wear safety glasses, acid proof gloves, and a lab coat.
Pipette liquids using a bulb. Decontaminate spills with
Alconox and water. For skin contact, wash thoroughly with

soap and water. For eye contact, rinse 15 minutes with water,

get medical aid.

Adjustment of FPL Etch

Materials: - Sulfuric Acid (Reagent)

~ Sodium Dichromate (Reagent)
Deionized Water (needed only if measured
concentrations are too high and solutions

nust be diluted)

{

Hardware: ~ Graduated Cylinders - size as needed
Procedure:
1. After titration, the concentrations determine how much

sodium dichromate and sulfuric acid to add using the
following specification:

Sodium Dichromate 28.5 grams/liter (27.0 - 30.0)
Sulfuric Acid 285.0 grams/liter (280 - 290)

2. Adjust the acid first - remember adding acid changes
the volume.
3. Add dichromate according to the new adjusted volume.
55
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Calculations:

Example: Sodium dichromate was 21.5 grams/liter.
gulfuric acid was 215 grams/liter.

To add acid 285-215 = 70 grams per liter

70 _ .
<% 42 .4 ml of acid

(10 percent sulfuric acid has specific gravity of
1.65 grams/ml)

(pour acid slowly - it will get hot as you add it to
the solution)

The new volume is now 1.04 liters.

To add sodium dichromate
28.5-21.5 = 7 grams/liter
7 x 1.04 = 7.28 grams

After adjustment, recheck concentrations by titration.

1f the concentrations measured by titration are too hign,
the reverse procedure (add water to dilute) must be followed.

Safety:

Acid gloves and aprons, safety glasses., Spills decon-

taminate with Alconox and water. Rinse skin or eyes with

water - get medical aid.
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APPENDIX I1I

PRIMER APPLICATION PROCEDURE

The primer was applied to the adherends using the following

equipment and procedures.

2.1 Equipment

The Brinks Wren B (air brush) was used in priming the smaller

bonding area panels (lap-shear and stress-durability adherends)
because 1t would conserve primer (less cover-spray) and give a

similiar spray pattern as obtained with the Brinks Model 15
spray gun used on the larger panels.

The Brinks Model 15 (spray gun) was used in priming the

larger bonding area panels (floating roller peel and DCB crack
growth adherends) because 1t covers a larger surface area with
cach pass of the gun, saving time and giving a more uniform
thickness control of the primer.

A Dermitron D-~9 (Eady Current) by Unit Process Assemblics

Inc. was used to ineasure primer thickness.

2.2 Application Procedure

The primer was applied 1n several coats rather than in
a one or two pass build up cf primer thickness. The Brinks Wren
B (air brush) was set up for best spray pattern using 20-23
psi line pressure and the primer was aprlied in 10 to 15
passes at a distance of 8 inches (20 cm). The Brinks dHodel 15
{spray gun) was adjJusted for the best pattern at 30-35 psi line
pressure and the primer was apvlied in a criss-cross pattern
of 4-5 passes 1n each direction at a distance of 12 inches {30
Thickness measurements were taken with the bermitron D-9

instrument several ti1mes darino thoe coars2 of L primer apglica-

tion unti1l the desired praimer tidcknoess had bieerr atta:ned.  The

(0]
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color of the primed surface was noted and the remainder of the
panels werc sprayed to visual color equivalence. All primed

surfaces were inspected with the Dermitron D-9 Instrument %o

=

insure that the primer layer was within the desired limits.
Any primed surfaces with visibly obvious defects/blemishes

were also rejected.

2.3 Cure Cycle (both primers)

Air éry for 30 minutes at 72°F (22°C)

100 percent check of primer thickness (manufacturers
specification)

Force dry for 60 minutes at 250°F (122°C)

Spot check for primer thickness

2.4 Storage

The primed adherends were covered with Kimwipes and

stored at 72°F (22°C), 50 percent relative humidity until bonding.

2.5 Bonding

The panels were bonded within 24 hours of priming using

the manufacturers recommended cure cycle.

U1
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APPENDIX IIX
PANEL LAY-UP AND BONDING PROCEDURES

The various types of panels prepared during this program

are illustrated in Figures 1, 3, and 4. The film adhesives
were stored in a closed plastic wrapper at 0°F (-18°C) prior to
use. The adhesive was warmed to room temperature before removal

from the wrapper to prevent molsture condensation on the adhe-
sive. Adhesive pieces were cut to the required size with a

razor knife. These sizes were 5/8" x 9-1/4" for the lap-shear
and stress-durability panels, 3" x 8" for the peel panels, and

6" x 12" for the crack growth panels.

The etched and primed adherend panels, along with the
adhesive, were assembled in the stacking sequence 1illustrated in

Figure III-1. The assembled lay-up stack was placed in a pre-

heateqd press and the curing schedule appropriate for each adhesive

was carried out (see Table III-1).

The only exception to the above procedure was for the
LR100~-172, a 2-part paste adhesive stored at room temperature.
With this system, appropriate amounts of each component wex:
hand blended on a clean flat surface with a steel spatula until
color homoaeneity was achieved. It was then trowelled onto the
bond area by hand to an approximate thickness of 0.010-0.015
inches (0.254-0.381 mm) and the lay-up stack assembled as

shown in Figure III-1.

After curing of the bonded panels the panels were inspected
for proper alignment (no slippage during cure), and the gluc
line thickness was measured on the lap shear panels to insurc
that they were within the acceptable limits of 0.004-0.007 inches

(0.10-0.18 mm) .
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(a) Lap-Shear and Stress-Durability Specimen Layup ‘lodel

- E L /it—' — jE

(b) rloating Roller Pecl and ©DC3 <Crack Growth Spucimen Layup
Model
A
C /B
C = C
D
Specimen Layup (a or b above)
D
C B
A

{(c) Layvup Stack Common to Both Type Specimen Lavups

n - Upper or Lower Flatten

B~ 1/8" Aluminum Cauis

¢ - 1/8" Silicone Rubber Sheet

v - 5 mil Teflon Releasc Shect

i - Panel Adherend

I - 5 mil Teflon Shim

G - Svacecr (Thrckness of Pencl adhcrend)
H - Achesive (I'ilm or Faste)

Fiyurce 1I1-;. Bonded ranel Layujr Mcdels.

<
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TABLE 171-1

MANUFACTURLES REQUIRLD/RECOMMENDED
AUHES CURE SCHEDULES

Cure Cyézzﬁ
Curce Time-Temjperaturce-rressure Notes
. . i - 45 + 5 minutes at 280 + 5°F (138 1 3°C) 1 ; =
' o _and_4u Tt lu psi (276 + 6% ¥la) . i £
T Xa-1lav 4% + 5 minutcs at 280 + L5°F (138 + 3°C) 1 ;
S and 45 + 10 psi (276 + €9 KPa) i
LACCCLNW |45 = 5 minutes at 250 + 5°¢ (121 + 3°C) i z
o and 42 4 1C psi (2706 + 69 Kba) | _
LR1J0-2532 |45 + 5 wlnutus at 25C + S5°F (121 + 3°C) ! P
and 40 + 10 psi (276_+ 69 XPa) =~
g R382-7 [Co + 5 minutes at 250 + °F (121 + 3°() 3
e (L _and 4u % Vsl (276 + 0y ¥ia)
[ MA-120 iéu + 5 minutes at 250 + 5°F (121 x 2°C) H 3
! { and 49 + 1v psi (276 + 69 KPa)
r-LRlGC—IT; [v1x 100 irarts Ly welghit of part A with 18 4
i lparts by welight of part B,
| 126G+ L minutes at 180 4+ L¢fF (yi o+ 3°0)
L | Cand 2. 4L opsi (172 4 3% wPa) i J
curce Crocle Notes
1 Feyuireda Cure Cycle {(uxcoept as notceu abovel.
a. Fre-heat press to 250 4 5°F (121 + 3°C)
L. flacve bonding rl1xture and part into press
at contact pressurc
<. Allow 3 to S5 minutes dwell time
N d. Arp-ly 40 + 1C psi (27¢ + 69 Kla) pressure
b and increcasc jpress temperature to 288 +
t COF (138 + 3°C)
5 [N Cure for 45 + 5 minutces
f‘ L Renmeve Londing fixture and jpart frem press
) 4. Cecol Londing fixtuce and part for 5 minutcs at .T.
B enmove ijart from bonding fixture
i, Ccol part
. The same as o abeve cxcept for step (d), the temperatulte
remalned at 2.0 + 5°F (121 + 3°C) tiroughout the
cure
5. The saiie as 1 oabove except for stepr (dYy the temperaturc
rematned at 250 + SF° {121 + 3°C) the
cure coyele, and stoep (o), the curc was
increasce to GJ o4 L omlnutes.
R Poocommcidead zure cyele for Liloo-172
a. Place bendairg fixtuce and part :nto a pre-kceated
proess D v S0 (g2 o+ 3900
Wl Yo 5ot (172 ¢ 3L Kia)
<. ure for 1o o+ L mrnute
d. ccol bondinyg fixture aend part to 1Le - L¥0
(uf v 3°0) at 25 4 5 sl (172 04 37 KPa)
[ oV Iroiidrn; tixture and 3@1r? Trom )rre s
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‘Machined Lap~Shear Specimens

APPENDIX IV L e e
SPECIMEN MACHINING PROCEDURES

There were two types of machined lap shear specimens
employed in this program: those used in the static iap
shear tesis and Zllustrated in Figure 1 (page 35), and those
used in the stress-durability tests and illustrated in Figure 5
{page 12). The conly difference between these two types of
specimen is that the stress~durability specimens are 2 inches
(5.1 cm) longer ana have a hole in each end. Both were layad
up in panel form as illustrated in Figure l-a with five
specimens ovbtained from each panel. All five speci.nens
were finish-cut simultaneously from a panel on a gang mil:s
vsing circular mill blades spaced c¢ne inch apart. During the
milling coperation the panels were clamped firmly in place
in a special fixture to support the bondline during cutting
and eliminate vibration damage. The clawmping fixture is
slotted teo accommodave the mill nlades. After milling, Lhe
hole position on the stress durability specimen was located
by hand measurement and drilled to accommodate the gripping

bolt in the spring fixture.

Preslotted (Finger) Lap-Shear Specimens

The finger specimens were obtainad from a panel illustrated
in Figure 1-b (page 6). The panel was cut into individual test
specimens (five per panel) by bandsawing through the small

webs connecting the specimens together.

Flcating Roller Peel and DCB Crack Extension Specimens

The panels from which these types of specimens are
obtained are illustrated in Figures 3 (page 10) and 7 (page 15).
Four specimens were obtained from each peel panel end five
specimens from cach DCB panel. The DCB panels were 5 inches

(15.24 c¢m) wiae as fabricated. Each of these two types of




-

panel was cut into slightly oversized strips on a bandsaw

“then dry-milled to their re-pective final dimensions. The

hole pesition in the DCB specimen was then located by hand

measurement, drilled, and tapped.

b aY rare o oes B o e e - L ik
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Hysol LR100-172

2024-T3 Clad,
Cure Cycle:

APPENDIX V

ADHESIVE PROPERTY
DATA FROM MANUFACTURERS' LITERATURE

FPL etch, no primer
2.5 hours at 165°F (74°C), psi not specified

Strength
Lap Shear: Exposure Cond. Test Temp. psi MPa
Ncone R.T. 4500 31.0
: None 200°F(93°C)y | 2000 13.8
: 14 days @ 200°F(93°C}] 200°F(93°C) | 3000 20.7
95-100% R.H.
- Hysol EA 9601 NW
2024-73 Clad, chromic acid etched, no primer,
0.063 inch (0.16 cm) adherend
Cure cycle: 60 minutes at 250°F (121°C), 25-40 psi
(172-276 KPa) { Strength
Lap Shear: Exposure Cond. Test Temp. . psi MPa
None -67°F(-55°C) | 5000 34.5
None 77°F(37°C) 5300 36.5
None 180°F (8z°C) 4300 29.6
10 min 2 250°F(121°C) 250°F(121°C) | 2200 15.1
Reliabond R 382-7
Aluminum, etch and primer not specified

Cure cycle:

60 minutes at 250°F (121°C), 25

psi (172 KPa)

Strength
Lap Shear: Expcsure Cond. Test Temp. psi MPa
None -67°F(-55°C) | 4500 31.0
None R.T. 5120 35.3
one 200°F{93°C) 2800 19.3
Reliabond R 7114
Aluminum, etch and primer not specified

Cure cycle:
(172-345 KPa)

45 minutes @ 285°F (141°C), 25-50 psi

Strength

Lap Shear: Exposure Cond. Test Temp. psi MPa
None ~-67°F(-55°C) | 5990 41.3
None R.T. 6140 42.3

Nong 200°F(93°C) 4560 31.4
14 days @ 200°F(93°C)| 200°F(93°C) 2195 15.1

% R.H. nog_ﬁggcified
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Hysol LR100-252 (EA 9652) - 0.085 1b/ft® (0.415 Kg/m?) film

2024-T3 Clad, FPL etch, corrosion inhibiting primer,
0.063 inch (0.16 cm) adherend
Cure cycle: 45 minutes at 250°F (121°C), 40 psi (276 KPa)

- Strength
Lap Shear: Exposure Cond. Test Temg. psi MPa
None ~67°F(-55°C) 5040 34.7 2
None 72°F(22°C) 4540 31.3 =
None 200°F(93°C) 4040 27.8 E
14 days @ 200°F(93°C) 200°F(93°C) 2370 16.3 2
and 95% R.H.

e MM [

3M AF-180

2024-T3 Clad, etch and primer not specified :
Cure cycle: 90 minutes at 235°F (113°C), 35 psi (241 KPa) o :

bl 11

‘ Strength )

Lap Shear: Exposure Cond. Test Temp. psSi MPa 2
None -67°F(~-55°C) | 4500  31.0 3

None R.T. 5500 37.9 3

None 180°r(82°C) I 3000 20.7

McCann MA 429

Aluminum, etch and primer not specified
Cure cycle: 60 minutes at 250°F (121°C), 10-50 psi
(69 to 345 KPa)

e

28

Strength
Lap Shear: Exnosure Cond. Test Temp. psi MPa
None -67°F(-55°C) | 5030  34.7 E
None R.T. 5400 37.2 i
Mone 180°F(82°C) 4520 31.1 E
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APPENDIX VI
INDIVIDUAL SPECIMEN LAP SHEAR TEST DATA

The data presented here are for the tests and results
_discussed in paragraphs 2.3.1 and 3.1.
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR R382-7 ACHESIVE
CN MACHINED SPECIMENS PREPARED WITH STANDARD FPL ETCH

3 : Test Tenp. 72°F (22°C) Dry [ 200°F (93°C) After Agingt
Adhar. ‘ Spec. trength Failure’ ! | Spec. Strength Failure”
Alloy | Priner ; No. EEXS MPa Mode l do. psi i MPa Mode
]
| { ! I
5052- | NOME [ MSENC | MSFNC }
H34 1-1 2192 15.1 40-60 | 3.2 1437 ;9.9 160-0 '
1-3 360 16.3 550 1.3 1277 3.8 90-1¢
: 13 2587 17.8 45-65 | a1 1353 9.3 90-1¢
1 2-2 2396 16.5 50-£0 | 4-1 1187 | 9.6 96-1%
2-5 2544 17.5 40-60 | 4-5 1245 1 8.6 $0-19
3 Ave. 240 16.7 36-62 | Ave, 1340 ! 2.2 90-10
1 S.D. 143 1.1 {80, 791 0.5
9 i | ; ]
1
Br12? | MSFBC | usesc | .
3 -l 2193 5.1 40-0-3-60 I B! 19635 13.% | 30=5-2-1T
1-3 a5z 16.9 49-2-7%-62 '} 3-3 2238 16.3 30-4-6-19 e
1-5 2556 1.6 $3-2-0-5C boa- 2533 ‘ 17.8 | 8¢c-0-c-20 E
2-2 1063 14.3 40-0-0-60 I 4-3 2753 1 19.¢0 0-C-5-3¢ - E
3 2-4 2120 1d.6 40-2-0-60 | 93 2545 | 17.5 | €0-0-3-40 3
1 Ave, 2278 15.7 40-0-0-60 \ Ave. 2442, 6.8 | 85-0-C-1: E
5.D. 214 1.5 il s.o. 200 1z E
— . i =
I i i pr
XA3930 [ MsEMC ,'.v.smc ' I E
1-1 2646 13.2 80-0-0-2¢ i -2 1636 | 11.3 C0-5-0-a0 E
: 1-3 2596 7.9 76=0-2-30 R 165¢ 1 ii.4 | 79-C-u-3G B |
1-5 2401 16.% 80~2+0-29 { S 1562 | 10.8 T0-0=0-3C =
P 2-2 @iz | 133 #C=0=C=10 s 611 i li.l S
‘ -4 iy 1167 3¢-2-0-15 ‘| -5 | 1338 l 1.3
L}
2
Ave. 2413 16.6 35-2-3-15 il Ave. 1629 111 E
5.5, 4 1.7 |1 s.o. 6 | e E
i i 1
i i
6C6l- | NOHI | MBFNC imen.‘c ; E
TE 1-1 2949 26.3 3-100 -2 1675 | 1l.% , £0-40 5
1-3 3129 21.4 5-35 | 3-4 1722 | 11.9 ‘ 7c-30 3
1-5 3601 20,7 19-90 I 1843 | 12.7 60-40 =
2-2 3266 21.1 20-8¢ Io4-3 258 | 6.6 30-2¢ 4
2-4 2823 2.5 10-90 i 4-5 1i13 ! 7.7 30-i0 -
Ave, 2990 20.6 10-32 [ Ave 1462 ic 7o-28 E|
5.2, 111 3.8 ¢ 8.0 98 1 2.7 | 2
¥ i ¥ §
BR12? | M6FBC }fversr ! E
B B 19 i 1C o - l i
1-1 3229 22.3 5-0-3-20 Po3-2 2233 1 15.a 10=0-3=25 E
1 1-3 3080 21.2 18-2-92-0 | 3.4 1825 @ 1l.¢
1-5 3300 23.4 25-5-8C-0 iood-l I 2371 | 6.
! 2-2 1 26.3 20-0-59-0 iVoaes 02152 | 1408
1 i 2-4 321¢ 2.1 18-0-20-0 Hoges 4 2056 | 1a.:
Ave. 1340 23.0 10-0-55-5 ioave. | 2127 o
5.D. 265 1.8 [l s v 204 | 1.4
T ] =
: i ,
XA 3950 | MEFMC | MEFMC | ! 2
1-1 92 0.2 8¢-2-0-22 i: 3-1 1993 {137 A a
: 1-2 19.9 30-0-0~10 }_. 3-3 2085 | 144 a0 3
1-5 e 18.6 30-0-C-20 tho3-5 1706 | il.8 142 3
t 2-2 1212 22.2 10-0-2-30 i 4-2 2704 1 13.8 | 30 =
£ 2-4 3320 29.9 €eD-0-40 . a-4 1924, 135 123 j
i - | E
Ave, 2334 25.4 BleC-2-20 ! Ave, 1242 vooi3od 3 E
| s.0. 89 1 1.3 - EE R A E
. : ! . | ! g
é NCTE: 1. Tested 2 200°F (93°C), after 14 davs 3 200°F {23°C), 25-1C0% R.H. _%
2. See Figure 9, page 18. g
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INDIVIDUAL LAP SHEAR TEST RESULTS FCR R 7114 ADHESIVE
ON MACHINED SPECIMENS PREPARED WITH STANDARD FPL ETCH

1
Test Temp. 72¢F (22°C) Dry 200°F (93°C) After Aging" -
- \ D 5
- iAdher. Spec. Strength Failure® Spec. Strength Failure? L
T Rlloy | Primer | No. L3S MPa Mode Wo. pai MPa Mode =
B 5352 | NONE | MSFuD MSFND
H34 -1 4920 27.7 19-90 1-2 sS4z .7 150-2
g 1-3 3330 ¢ 27.1 20-80 1-4 s30 3.7 190-0
1-5 4280  29.% $0-50 2-1 318G 2.6 120-2 -
2-2 aso | 30.7 9c-10 2-3 386 2.6 16C=9 1
A 2-4 €10 ¢ 31.8 80-20 2-5 290 2.0 100-0 :
- |
: Ave. 4260 29.4 50-50 Ava. 420 2.9 100-C :
s.0. 290 2.0 S.D. 110 3
1 ! E |
iERiZ? MSFED ! MSFBI: \
1-i 4359 30.2 90-0-0-10 1.2 | 8ss .9 ! .
1-3 4380 30.2 80-0-0-20 1-4 870 6.9 ! :
- 1-5 4210 29.0 80-C-2-20 2-1 759 5.2
| 2-2 3770 26.0 80-0-3-20 bo2-a €45 4.4
. i bo2-4 4i50 28.7 20-0-0-30 I oa-s ; 883 4.7 \
i
; Ave. 4172 8.7 80-C~0-2C Ave. 763 s }
S.C 285 1.7 s.0 150 7 :
IXA39S0 | MSFMS !MSF?'
1-1 a5¢e il.2 CeC-33-1C l! 1-2 a1c e P
1-3 $630 31.9 0-0-3C-28 o 1-4 220 5. R
LoL-s 1449 .6 13-0-55- 3 17 2-1 | sen z. 80
i -2 4730 2.6 13- I -3 | eso 5. 2 i
i 2-4 3430 2.4 Io2-3 | o0 6. STV
] i i |
: ! ave EEAA 31.3 \| Ave. | g e.n 20-2-2-80
. } | | s-2. 130 } .2 iI1os.o. ) .3
‘r o | | ] I ' |
6061 | NONE | MBFND { s l
. Té S ss40 | 38.2 !| 1-2 ) 360 PR
. ! 1o1-3 s19¢ | 3T.8 i l-a | 31s 1|
: ' | &-s sa0c | o37.2 I o2-z 342 Lo
] ! 2-1 wac | 150 i! 2-3 225 1.3
- i i I 2-s 566C | 33.0 | Vlo2-3 i 220 P ‘
2 \ \ ) i
3 | ; | 2va pozsse 38.2 5-93 !i Ave. | pg 1
, ! g Pos.C. e | s s | e i |
3 i ! { J | ii | ' |
t | + 3127 iMéFS; ! ! jimersy | i !
! : R 5392 3Tl P NoT AVAILABLE !; 3-2 ) 53T ; ; |
: ! ! Do sie ez e Cams sT :
: I i [ sl4c ) 354 . Troa-iobass !
! Dol aae ser |- I L !
| |4 ELECEEEEE L iy -3 AT , !
/ ; Ave Yases o 0 "y, Ave. | sip !
| ; © 3.5 | 2.5 : LI RE- P T o : Y
| ; g i i : i
I XA3950 | HEEY . i ;
’ HEN i | 3.€ l
! i 2
! : | 1-3 HEE l 3.4 '
. Il Gl 3 :
; [ .- CooTt b ,
| oo ol f'é i N :
! ol i-s 5.3 \ E
i | . ! i :
. . Ave. ' ave. . 1l5% H St lieen-2
L S son i i :
- e 1 ! . i
To5. L. Tested @ 2u2°Y JE3eT:, after Qg davs ) A% LISl ey

2. See Figure 9, page .8B.




INDIVIDUAL LAP SHEAR TEST RESULTS FOR AF-18C ACHESIVE
ON MACHINED SPECIMENS PREPARED WITH STANDARD FPL ETCH

Test Temp. 72°F (22°C) Dry 200*F (93°C) After Aqingl
T
d.hcx.’ Spec. Strangth Failure 2 Spec. Strength Failure ’
MRlloy LP:mor No. psi MPa Moda RI-N psi MPa Mode
S052 | NONE MSFNE MSFNE
H34 | 1-1 4280 29.5 20-30 1-2 2160 14.9 90-10
1-3 4350 30.0 20-80 1-4 2040 14.1 95-5
1-5 4410 30.4 1¢-90 2-1 1900 13.1 90~10
2-2 4450 30.7 16-90 2-3 1370 13.6 90-10
2-4 4580 3l.6 10-30 2-5 1910 13.2 95-5
Avae. 4425 30.5 15-85 Ave. 2000 13.8 90-10
5.0. 110 c.8 S.D. 110 0.8
8R127 | MSFBE MSEBE
i i i-1 334C 23.0 36-0+0-70 3-1 2180 15.0 4c-0-0-68 -
| | | 1-3 3636 25.9 25-0-40-4C ,| 3-3 2320 16.1 59-0-0-5¢ E
; -5 13020 2¢.8 35-G-13-6G i 3-5 2210 15.2 £0-2-C-52
| 2-2 3469 23.8 33-c-22-5¢ ’i 4-2 2360 16.3 $5-0-0-50
2-4 3142 2.6 30-0-10-60 | 4-4 2400 16.6 45-0-5-62 :
I Ave. 3320 22.9 30-0-15-55 i Ava. 229¢C 15.8 45-0-0-5% E
| s.0. 246 1.7 ;S.9. el 3.7
| f T B
1 i f
I } XA3950 | MSFME IMSFME
! 1-1 3614 4.3 2-2-1C-93 | 1-2 ! L12:z¢ 3.4 40-C-53-10
i i-3 3133 23.3 20-C-19-79) | 1-4 1322 9.1 70-3-30-2
; 1-5 3555 24.5 1¢-C-10-80 | -1 1289 8.8 20-0-50-3
' 2-2 3650 25.2 2c-0-12-70 I 2-3 1360 9.4 32=0-50-2
i -4 1842 Z6.5 15-0-20-70 | 23 1289 8.8 6C-0~40~U N
| Ave, 1760 23,2 1€-C-12-30 i Ave. 1200 8.9 55-2-45-2 | N
' s.D. 240 1.7 , S.D. £e 2.3
= i
6061 | MeTWE
TE 485¢C 33.4 10-35 ,o1-2 1880 . =
5312 .3 19-20C | 1-4 1776 2.2 B
1 4388 3.4 1C-2¢ , 2=l 1620 iz I =
| 5240 6.2 10-20 o223 1775 .2 i B
i 522¢ 6.0 1c-20 1oges 17¢0 1.7 |
. ! z
| 3342 35,7 12-30 1 Ave. 1730 12.1 5.5 l -
! 182 o | s.D. 122 5.7 '
: ! . !
] I [ i
| ! merae | i
| : 31,3 4 S S - i
i I 3z.% 4 i os-r o2 I _
| ; 33.4 3 TR i E
] I 32.5 3 o o2 | :
: . 31.% 3 4es 2 l
I ' : N .
; ! 3z.3 i i Ave. | .
3 \ i J.5 ' . S§.b. ! .
' . N |: 1 :
! : ; | i ; ;
] 5 ) XA3950 ! MEFML ! : liworve | ! )
| i | 1-i SBAY 3040 Dol-s N ;
, ' . oa-t 38350 1A i ': - ! 13.¢ ,
| I LS b i oo D2 .
L | - R 397 R E R 1L )
! 143 D ogsn g e AR 13.4 !
, ! , | K 1 i
I ' I | '
i . [ U7 P T T S S 5 S Lo Ave. 3.8 | deen-zow -=
i i N A R |© 8.3 s
L : . L 1 i L
3 WOTII: L. Tastzed P O20AOC 002700 after 4 dave ¢ DtF (RIN0L, w3elLls bl
L 2. See Figure 9, page 138.
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DUAL LAP SHEAR TEST RESULTS FGR
CN MACHINED SFPECIMENS PREPAREC WITH OFTIMIlED

72°F {22°C) Cry

.

1
ICO°F (93°C) Afrer Aging

i
|
—
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3
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igure 9, page 18,
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R R INDIVIDUAL IAP SHEAR TEST RESULTS FOR AF-180  ACHESIVE ' ' s

ON PINGER  SPECIMENS PREPARZD WITHOPTIMIZED FPL ETCH :
- Test Temp. T2°F (22°C) Ory 232°F (93°C) After Aging-
Adher. Spac. Strength Pailure 2 3pec. Strength Failure 2 . .
- 5 -~ ‘Alley | Primar | No. PRl MPa Mode o, psi MPa Mode e
5352 NONZ | FSONE FSONE
H34 1-2 2080 14.3 10-96 1-1 1050 7.2 *9-90
1-4 2320 16.0 10-9¢ 1-3 1110 7.6 10-90
- 2-1 2120 14.6 10-99 1-5 1090 7.5 10-90
2-3 2020 13.9 10-9¢ 2-2 350 | 6.5 10-90
2-5 2170 15.9 10-30 2-4 1100 7.6 10-90
. Ave. 2140 14.8 10-90 Ave. | 1060 7.3 10-90
3.0, 120 c.a . S.D. 7¢ Q.4
|
BR127 | FSCBE FLOBE
2-2 2220 15.3 1-1 7.4 3 _
1 - 1-4 2220 15.3 1-3 5 7.6 o)
i-: 2226 15.3 1-5 i 7.4 o
2-3 2182 5.G ioz-z 8.2 3
2-5 230 6.2 ibo2-4 7.8 0
Ave. i 2239 15.4 H Ave 7.7 c
Y $.0. 70 o l. s.o. 0.2
s '
X AA13950 | FSOME ! | FSomME
i 1-1 2635 0 18.) 24 I -1 | 372 a,% |
L 1-3 2472 17 L | -3 1430 | 10.C !
1-: 2472 i7.¢ e 1-5 1230 8.5
2-2 2420 16.7 oo -2 31290 8.5 | 9-0-0-120
2-4 2450 16.3 e 2-4 i27 8.7 0-0-0-1C0
! |
! Ave. | 2490 17.2 0-0-0-129 | awe. | i 9.1 | o-c-2-100
| 5.0. 3 0.5 I s.o. o 5.6
)y L
| HEE :
600l | NOHE FBUNE i recur | : !
1€ -2 390 0.9 =10 180 3.6
. 1 3224 2:.2 1.3 ! 49 1 i0ad
| : | 3339 2007 S L R S O
' : N |32 22.% 0 ) e ! 3.6 h
| -5 P 15.1 -4 80 | ii.¢
1
| Ave. | 3)u Qr.a Ave. | LS R N YO
| N R : SR Y N I
? T ! . I "
| | BRLZT | reose ! FLOBE i '
i i boaee | | te.T - UL |
- | : S LS TER NN Pest . :
3 1 [ i . ! | C. . N . :
: 1 : S - M -k 16 . ]
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR LR100-172 ADHESIVE

ON peNGERR  SPECIMENS PREPARED WITHOPTIMIZED FPL ETCH
L7T°’t Temp. 72°F (22°C) Ory 200°F (93°C) After Agingl
;dho:. Spac. Strength Failure 2 Spec. Strenqth Fajlure ?
lloy | Primer No. JI 38 MPa Mode do. psi MPa Mode
5052~ NONE FSONA FSONA
134 1-1 3290 22.7 100-0 1-2 2840 19.6 100-0
1-3 2470 17.0 100-9 1~4 3020 20.8 100-0
1-5 2600 17.9 100-0 2-1 2960 20.4 100-0
2-2 3570 24.6 100-0 2-3 2690 18.5 100-0
2-4 1060 28.0 100-6 2-5 2420 16.7 100-0
Ave. 3200 22.0 100-0 Ave. 2790 19.2 100-9
5.D. 670 4.9 S.D. 240 1.7
BR127 FSOBA FSCBA
1-1 3430 23.6 100-0-0-0 1-2 3150 21.7 20-0-80-0
1-3 3210 22.1 100-0-0-0 1-4 2890 19.9 40-0-60-0
-5 3190 22.0 100-0-0-0 2-1 2990 20.6 60~0-40-0
2-2 4310 29.7 —— 2-3 3030 20.9 40-0-50-0
2-4 4360 30.0 -3 2-5 3130 21.6 40-0-60-0
Ave. 3700 25.5 100-0-0-0 Ave. 3040 21.0 40-0-60-0
5.D. 580 4.0 s.D. 110 .7
XA3950 | FSOMA S0HA
-1 2550 17.6 10-0-90-0 1-2 2720 18.7 10-0-90~0
- 2720 18.7 20-0-80-0 1-4 2970 20.5 10-0~90-0
1-5 2670 18.4 40-0-60~0 2-1 2420 16.7 40-0-60-0
2-2 4320 29.8 ———-3 2-13 1020 20.8 20-0-80-0
2-4 4340 29.9 SR 2-5 2770 19.1 50-0-50~0
Ave. 3320 22.9 25-0-75=0 Ave. 2780 19.2 20-0-80-0
s.D. 920 6.4 s.D. 280 1.9
061~ NONE 2F6ONA TCONA
Té foga 4800 33.1 100-C 1-2 3160 21.8 100-6
1-3 4850 33.4 100-6 { 1-4 2960 20.4 100-0
-3 4900 33.4 106-0 I 2-1 2780 19.2 100-0
2-2 4500 31.0 100-0 | 2-3 2770 19.1 106-¢
! 24 3460 30.7 100-0 {2-% 2750 19.0 100-0
] Ave, 4700 32.4 100-90 ‘ Ave. | 2880 19.8 100-0
! | S.0. 210 1.4 - | s.D. 180 1.2
‘ - ?
; ! ;
i |uiiz7  |FEOBA F6OBA
) !
! oLt 4100 28.3 9-0-100-0 -0 ) 2660 18.3 | 0-100-0-¢ |
) ! j o 1-3 4220 29.1 0-0-100-0 1-a 3330 23.0 0-100-0-6
! ! -5 4190 28.% 0~0-100-2 -3 3640 25.1 | 5-100-0-0 ;
, ! b2z 4250 29.3 0-0-100~0 | o-3 3050 21.0 0=100~n=1
; ] }o2-a 4400 10.3 D~0=100~0 bioz-s 2030 20.2 0-100-:="
i \
- ! i Ave. 4230 20,1 0-0-100-0 || Ave. | 3120 21.5 | 0-200-0-0
: ! s.D. 110 .7 i S.2. 38C .6 i
; % ﬁ’ {
| XA 3950 | FEOMA [ FEOMA l !
Dol 4816 | 33.1 == L00=0 bol-2 | 3370 23.2 | o-o-loe-0
TS 1670 Z.2 D-0-1006-0 Pot-2 | 3160 21.8 0=0=100-¢
- 1400 30,2 U=0=10=0 boe-l ’ 2720 18.7 10-0-90-u
. 2= 4450 3G.7 0= 1200 Iy o-3 3100 2.4 0-0-100-¢
ey Aot 3.7 mG=100-1 o oas } 3030 20.9 10-0-90=3
X [ .
I Ave., ‘ 550 | 3101 )= 100=1 ! ave. | 3u80 21,2 i 5=0=96=0)
3.0, ll 180 l 1.2 . S8.D. 240 Pt} 1' )
e I A
WTES . Tested ¢ 200°F (93°C), after L4 day. OV Ioevr, OH-100% RUH.
2. See Figure 2, page 1.
H Adherens Favlure,
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR

R3B2-7  ADHESIVE

ON FINGER SPECIMENS PREPARED WITH STANDARD FPL ETCH

Test Temp. | 72°F (22°C) Dry 200°F (93°C) After Aging®
Adher. . Spec. Strength Failure ~ Spec. ‘ Strength Failure ¢
Alioy | Primer No. psi MPa Mode ilo. psy MPa Mode
5C52-| NONE FSENC F5FNC
134 1-1 2525 17. 40-60 1-2 414 2.9 90-10
‘ 1-3 2727 18.8 30-70 1-4 343 2.4 90-10
f 1-5 2525 17.4 30-70 2-1 276 1.9 90-10
! 2-2 2590 17.2 40-60 2-3 310 2.1 80-20
| 2-4 2549 9.9 40-60 2-5 180 1.2 90-10
!
| ave, 2565 17.7 35-65 Ave. 304 2.1 90-10
i s.D. 92 0.6 S.D. 86 0.6
[ BR127 | FSFBC FSFBC
! 1-1 2350 16.2 30-0-0-60 1-2 1020 7.0 90-0-0-18
i 1-3 3100 21.4 70-0-0-30 1-4 940 6.5 80-0-0-20
: 1-5 2700 18.6 50-~0-0-50 2-1 700 a.8 80-0-0-20
! 2-2 2600 17.2 40-0-5-60 2-3 1220 8.4 90-0-0-10
\ 2-4 2650 18.3 50-0=0-50 2-5 850 €.9 90-0-0-10
| Ave. 2680 18.5 50=0--50 Ave. 946 6.5 90-0-0-10
i s.D. 271 1.9 S.D. 194 1.3
!
. XA3950 ] FPSFMC X FSFMC
‘ 1-1 2600 17.9 40-0-0-60 1-2 1280 e.s 0~0-0-10C
1-3 2800 19.2 40-0-0-60 1-4 1320 3.1 5-0-0-95
{ 1-5 265¢ 18.2 40-0-C-50 2-1 1320 3.1 | 10-0-0-90
! 2-2 2706 18.6 30-0-0-7C 2-3 1204 8.3 13-0-0-90
I 2-4 2700 18.6 40-0-0-60 2-5 1200 8.2 20~-0-0-80
i
; f |
) Ave. 2690 16.5 40-0-0-60 Ave. | 12865 | 8.7 10-0-0-90
i S.0. s 6.3 $.0. | &0 0.4
| v g 4
i : ’ " T f
! ! ! H | !
16061=] HNONE | F6INC ; ! | FGFNC | | )
| Te 12 3630 25.C 10-9C "1-1 , s44 3.8 | 10-90
! -4 320C 2.1 l 9-1G0 | 1-3 { 416 2.2 95-5
5 2-1 3526 24.3 10-95 |- | 418 2.9 80~20
; 2-3 | 3653 25.2 | 30-74 b o2-2 | 694 4.8 90~10
f 2-5 1 378 2€.1 | £-95 | 2-a 704 4.9 | 100-
| i X i 1 .
i ' Ave. 355k 1 24.3 10-9". , Ave. | 555 3.6 | B85-1% !
' 5.D. 221 i3 ; S.D. |14l 1.0 :
N d i | A
: ! : ) i ﬂ } i E
' BRi2T | FBFBC : FeFEC | ‘ | .
| -1 boaran 0 3200 5-0-20-90 i 1-2 ; 2040 1 4.1 | 20-0-0-8C |
i i {o1-3 4320 & 29.s D=(-20-530 Dojesq | 1992 | 13.7 | 30-0-0-70 |
i i Poled 433 1 26 | a-um30-79 | 2- | o13as | 9.3y 10-0-0-20
' ! boaes Q3 ) o28.8 ] o-0-10-2u ! -1 f 1192 ) 8.2 | 10=0-0-9C |
: . ‘ i-4 136s | o230 | u-o-10-90 Po2-s !l 8.2 ! 10-0-0-90
! : ' : A : ]
: | } Ave. | 417¢ ¢ 28.d ! e0=20-80 [ Ave. L1553 } 10.7 ‘ 15-0=0-25
5 ! | s.. i osoe | %D | s.o. | a2 | 3.0 |
! b . , , j : ; ! i |
. ! xnssso& FeTMT | . lpermc g |
. { 1-1 ! 411F 1 28.. I 10=0= =90 ©o1e2 | 1549 @ 10.7 0 40-0-0-6C
E ) -2 [T Lo TV S P i (1= U= L)=30 bop-a }o1e3 Y 10,6 | 50-0-0-50
: : to1ey i 448: RITP InNoT AVAILABLE || 2-1 i 1286 3.4 | €o-0-0-40
' ; Coael 460 3107 re2Ge0=80 i o2-2 1 o1ans 1 10.3 50-0-0-£C
, f oe ‘ avgn o 3 I 1Ot m0=yr lk 2-5 | 1564 ] 10.8 60=0=~0-42
\ T : 1 ¥ | |
' | ohve. 1 444 S [y mtetiety l; Ave. 1aus 0 10.2 I 50=0-=~50
' D VR . 0o S0 g 0 5.8
GOTE: 1. Tasted @ 200°F (93%C), after L4 tays ! 20GOF (93°7), 25-100% R.H.
2. See rigure 9, page 16.
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR 9601 NW ACHESIVE
ON FINGER SPECIMENS PREPARED WITH STANDARD FPL ETCH

Test Temp. 72°F (22°C) Dry 200°F (93°C) Aftar Agi.nql
Adher. Spec. Strength Failure? Spec. Strength Failure 2
Alloy | Primer | No. psi MPa Mode Ho. psi T MPa Mode
5052~ NONE FSFNB FSFNB

H34 1~-4 3380 23.3 20-80 1-3 270 1.8 100-0

2-5 3280 22.6 30-70 1-5 290 2.0 100-0
4-1 3340 23.7 20-80 3-1 180 1.2 100-0
4-3 3920 27.0 20-80 4-2 180 1.2 100-0
4-5 3470 23.9 20-80 4-4 220 1.5 100-0
Ave. 3500 24.1 20-80 Ave. 230 1.6 100-0
S.D. 246 1.7 S.D. 54 0.4

BR127 FSFBB F5FBB
1-2 2800 19.3 90-0-0-10 1-1 1140 7.9 80-0-0-20
1-4 3000 20.7 90-0-0-10 1-3 980 6.8 80-0-0-20
2-1 3280 22.5 90-0-0-10 1-5 880 6.1 60-0~0-40
2-3 3330 22.9 90-0-0-10 2-2 560 3.9 30-0-0-70
2-5 3020 20.9 80-0-0-20 2-4 580 4.0 30-0-0-70
Ave. 3090 21.3 90-0-0-10 Ave. 830 5.7 55-0-0-45
S.D. 219 1.5 §.D. 254 1.8

XA3950 | F5FMB FSFMB
1-2 3300 22.7 40-0-0-60 1-1 780 5.4 100-0-0-0
1-4 2800 19.3 20-0-0-80 1-3 680 4.7 100-0-0-0
2-1 3000 20.7 40-0-0-60 1-5 440 3.0 80~0-0-20
2-3 3400 23.4 5=0-0-95 2-2 €00 4.1 95-0-0-5
2-5 3200 22.1 10-0-0-90 2-4 440 3.0 60-0-0-40
Ave. 3140 21.6 25-0-0-75 Ave. 590 4.1 90~0-0-10
S.D. 241 1.7 s.D. 151 1.0

6061- | NONE | F6FNB F6FNB
T6 2-2 4420 30.5 10-90 2-1 260 1.8 100-0

2~4 4760 32.8 10-90 2-3 330 2.3 100-0
3-1 4850 33.4 10-90 2-5 260 1.8 100-0
3-3 5030 34.7 10-90 3-2 570 3.7 100-2
3-5 4790 33.0 10-90 3-4 530 3.7 100-0
Ave. 4770 32.9 10-90 Ave. 390 2.7 100-0
s.D. 220 1.5 S.D. 150 1.0

BR127 | F6FBB F6FBB
1-2 4980 34.3 10-0-40-50 1-1 1850 12.8 30-0-0-70
1-4 5180 35.7 10-0-30-60 1-3 1940 13.4 40-0-0~60
2-3 5040 34.7 10-0-30-60 1-5 1110 7.6 10-0~0~20
3-1 5080 35.0 10-0-40-50 2~2 1630 11.3 50-0-0-50
3-5 4730 32.6 10-0-0-90 2-4 1730 11.9 60-0-0-40
Ave. 5000 34.5 10~-0-33-60 Ave. 1650 11.4 25-0-0-75
s.D. 162 1.2 S.D. 320 2.2

XA3950 | FeFMB F6FMB
2-1 4900 33.8 0~0-10-90 2=-2 1660 11.4 70-0~30~0
2-3 5020 34.6 0-0-20-80 2-4 1790 12.3 80-0-10-10
2-5 4760 32.8 0-0-10-90 3-1 890 6.1 70-0~-0-230
3-2 4960 34,2 0-0-20~-80 3-3 1140 7.9 10-0-0-40
3-4 5020 34.6 0-0-40-60 3-5 1280 8.8 60-0-0-40
Ave. 4930 34.0 0-0-20-80 Ave. 1350 9.3 60-0-10-30
$.0. 110 0.8 $.D. 370 2.6

NOTE: 1. Tested @ 200°F (93°C), after 14 days @ 200°F (93°C), 95-100% R.H.
8ee Tigure 9, page 18.
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR

R

714

ivE

ACHES

ON FINGER SPECIMENS FREPARED WITH STANDARS FPL ETCH
Test Temg. 72°F (22°C) Dry I 200°F (33°C) After Aging'

Adher Spec. Stzrength Failure” Spec. Strength Failure’
plloy | Primer | No. psi MPa Mode do. psi MPa Mode
i i
i‘:-:s.‘ NosE | F3ENS " FSEND |
j A3 tel 4300 9.6 20-3-3-8C 1-2 | uoC 1.4
i 1-3 4308 27.6 10-0-0+-92 1-4 I 180 1.2
; 1-5 3950 23.2 20-2-9-80 -1 | 208 1.4
| 2-2 4080 28.7 11e-0-3-2 | 2-3 | 212 1.5
i 2-4 5340 29.9 20-9-0-80 -5 210 1.5
! Ave. 3130 28.5 15-0-0-85 j Ave. 220 1.4 109-0-0-2
i + 5.0 180 1.2 LS.D. 1o 1
| |

ER S [2:523-13)
| 2¢.3 10¢-c-2-C RS 580 3.4
i 24.8 100-0-0-2 po1-4 550 3.8
i | 2.0 90-5-C-1u ! 2-1 719 1.9
' i 26.2 18-6-8C-10 io2-) 535 4.8
| | D274 32436318 ! -3 63C 4.3
| ; | 5.5 65-3-33-° | Ave. 620 1.3
! ¢ 1.8 I s.o. 20 .6
i XA3950 | vsrmo 1
: by o 2.9
. | l I Y 2.4
i i : 25¢ 1.
i | 320 2.2
l | . i 18¢ 1.2
I I | I
i [ ave. | Ave. 310 2.1 | 10-0-0-92
! 5.9. ! s.o. 80 |
X |
Fangl FETND | | FHEUD
| =« 1-1 suse 34.8 15-92 . -2 | 3e0 2.5 108-¢
! i-3 54730 37.2 12-3% boisq ) 340 2.3 100-3
: l 1- 3410 30.4 5-5¢ po2-1 ‘ 320 2.2 100-0
) \ po2-2 3620 39.2 1¢=-95 i -3 380 2.6 L20-¢
: I ‘ -3 6380 41.9 2:-80 l 2-5 i 380 | 2.6 100-8
; i i ave. £330 ¢ 36.7 10-92 | ave. | iea | 2.4 100-0
! } i s.o. CEI N PR bS] 20
1 d— i ! )
. [ I ; T I ' T
| i ) t !

| 32127 | PEEFSD |
I | ! L | x| oo boa
! i | l37.¢ ;i1 sad 3.4
i : | | 5.5 | 1-5 1 500 3.4
I ! ; ; 18.2 i I-2 l 340 2.3 |
’ H : 1 33,9 To2-4 ) 40e 2.8
. ; | P70 i ave. | 430 3.4
' | ! | s - B S et 1.0

T : T | !
: | XA3950 | FeFvD ! | FEFMD |
! i T sveo Ly [ Tt 6.1
: H ‘ 1-3 $7e0 317.6 o i 7ac 5.1
. | 400 $i.3 f N 5.2
i i I 2730, 3.8 | | 2 4.3
! bores S S L O : i il 1.5
' . |
i Ave. § 1T | 3.7 i1 ave. l 296 F i
; 5.9. 'l Lsu ) k.o lLL s.o. |1 1. !
N
B+ Tested 3 200°F (93°C), after 14 days 3 IADPF (95705, 25-il7% RO,
2. See Fiyure 9, page 13.
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!
INDIVIDUAL LAP SHEAR TEST RESULTS FOR AP-180  ADHESIVE
Off FINGER SPECIMENS PREPARED WITH STANDARD FPL ETCH
Test Temp. :
est Tamp 72°F (22°C) Dry 200°F (93°C) After Aging'
idher. Spec. Strength Failure? Spec. Strength Failure °
Alloy | Primer | No. pel MPu Mode No. psi MPa Mode
5052 | NONE | FSFNE FSFNE
134 1-1 3700 25.5 20-80 1-2 1440 9.9 #G=20
1-3 3800 26.2 20-80 1-4 1580 10.9 80-20
1-5 3506 24.1 20-80 2-1 1350 9.3 2080
2-2 3150 21.7 10~90 2-3 1480 10.2 4066
2-4 3300 22.7 10-90 2-5 1460 10.1 60-40
Ave. 3490 24.1 15-85 Ave. 1460 10.1 55-45
S.D. 270 1.9 S.D. 80 0.6
BR127 | FSFBE FSFBE ;
1-1 2840 19.6 30-0-20-50 1-2 2080 14.3 20-0-30-50
1-3 3140 21.6 40-0-20-40 1-4 1920 13.2 30-0-30-40 ;
1-5 2860 19.7 30-0-30-40 2-1 ! 1380 9.5 | 0-0-0-100 '
2-2 2850 19.6 10-0-10-80 2-3 1570 10.5 | 0-0-10-%0 .
2-4 2700 18.6 10-0-10-80 2-5 1320 9.1 | 0-0-0-200 :
Ava. 2880 2.8 25-0-15-60 Ave. 1650 | 1l.4 | L0-0-15-75
S.D. 160 1.1 $.D. | 330 2.3 :
I
XA3950 | FSEME FSEME |
1-1 3210 22.8 G~0-20-80 1-2 1430 | 9.9 | 60-0-30-10 )
1-3 3470 23.9 0-0-20-80 1-4 1470 10.1 70-6-20-10 i
1-5 3430 23.6 0-0-20-80 2-1 1410 9.7 0-0-46-60
2-2 2650 18.3 0-0-10-90 2-2 1310 9.0 0-0-30-70
2-4 250C 17.2 0-0-0-100 2-5 1310 9.0 | 9-0-30-70
i Ave. 3970 21.2 0-0-15-85 Ave. 1390 5.6 30-0-30-40
J s.D. 460 3.2 S.D. 60 c.4
‘\ ‘ =
I 6061 | NONE FOFHE | FGFNE | !
, TC 1-1 boorlo 35.2 10-90 -2 2270 1%.6
; 1-3 4 %09 | 3S.1 16-30 1-4 | 2180 15.¢ | ;
l -5 0 4820} 33.C 10-90 2-1 | 2220 15.3 :
; 2-2 | aBs0 4304 1 10-90 bope3 12160 1.0 i ;
?‘ 2-4 i 4720 . 32.5 ‘ 10-90 | 2-3 | 2090 14.4 ;
{ Ave. § 4u2C ! 33.5 ¢ 10=9u | Ave. i 2180 AL URR T i !
: S.2. | 176 II 1.2 { S-E- i 70 S 3
I (!
l : ! . | i i , : ;
: ' t { i ; ; 1
BR127 | FGFBE | ; i | rerBe ! | |
- 1-2 | 294n 17.5 p 50-0-0-y | 11 ) 4670 3z.2 l 40-0-0=60 :
: -4 oo 1 17.u ¢ 50=0=0-50 [ 1-3p so0¢ 34.5 50-5-0-50 |
' i 2-1 1 wrn b Ls.e o § u-uslo=9% | 1-5 1 avo0 32.4 1 30-0-0-70
. i -3 | w2 s P in-c-2-uc | o2-0 | a12c se.a | 20-v-o-sn
: { 2-5 0 tenn 41208 ) 20-0-0-3U i 4196 1 w8y | 10=n-0-90
", ave. | o Lo 15.0 | a9-0-0-7% | ave. | as3an | 3Lz | 30=0-0-72 z ;
‘ s.o. | a3k b2 | s.o. 0 ] 2.0 ] i
. : i . ——
‘. ; | ! =_ | ' i
i XA3950{ FGFME | : ! | FOFME | | |
; -1 A I 0-0-10-90 { 1-2 1 2610 , 18.0 : 10-(-20-70
: 1-3 | s | 45.5 1 0-0-10-90 i 1-4 D o2560 1 17.6 10-0-10-80 |
| 1~ Poadtn | 1.6 0=C-0-100 BN 2430 | 1.7 20wN=20-60 |
foze2 | oaadw 140 ] 0-0-10-90 [ 2220 P 15.3 ] 20=0-20-60 !
, AR U I I L= 0-10-90 jto2-u fo2300 0 LUL© DW= 0= 2060 |
. ’ ‘ ! | ‘
‘ | r : \, «
' : oAave. boane [T R : SETLN i Ave, E 2420 l Te.? ! Lhyeti=200="050
i | - [ booay | 3.0 160 H
3 ,‘ ll 3.0, 1 27 43 L _L L i H

NOTES: 1. ‘fested @ 200°F (43vC), aft:- a4 days 4 200°F (QI°0), 45h=~100% R.H.
2. See Figure 9, page 18.
3. Adherend Fajlure.
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR LR100-172 ACHESIVE
ON PINGER SPECIMENS PREPARED WITH STANDARD FPL ETCH

T .
!_‘“ Temp 72°F (22°C) Dry 200°F (93°C) After Aging®
dher. ‘| Spec. Strength Failure 2 s
pec. Strength Failure 2
lloy | Primer | No. pPsi MPa Mode Ho. psy MPa Mode
5052~ | NONE FSFNA FSFNA
Hd4 1=-1 2420 16.7 100-0 1-2 2870 19.8 100-0
1-3 2800 19.3 100-0 1-4 2870 19.8 100-0 4
1-5 2550 17.6 100-0 2-1 2660 17.3 100-0 ;
2-2 2400 16.5 100-0 2-3 2510 14.2 100-0 !
2-4 2430 16.7 100-0 2-5 2060 14.2 100-0 !
1
Ave. 2520 17.4 100-0 Ave. | 2590 17.9 100-0 :
s.D. 17¢ 1.2 S.D. 340 2.3 I
BR127 FSFBA FSFBA *
1-1 2160 14.9 100-0-0-0 1-2 2810 19.4 100-0-0-0 z
1-3 2690 18.5 100~0-0~0 1-4 2990 20.6 100-0-0~0 i
1-5 2590 17.9 100~0-0~0 2-1 | 2540 17.5 100~0-0-0 3
2-2 2630 18.1 90-0-10-0 2-3 2650 18.3 100~0-0~0 |
2~4 3040 20.9 100~0-0~-0 2-5 2750 19.0 100-0~0~0 %
Ave. 2620 18.1 100-0-0-0 Ave. 2750 19.0 100~0-0-0 |
s.D. 320 2.2 s.D. 170 1.2 i
.k
XA3950 | FSFMA FSFMA i
1-7 2680 18.5 100-0-0-~0 1-2 2510 17.3 100-0-0~0
1-3 2250 15.5 100-0-0~0 1-4 2530 17.4 100~-0-0-0
1-5 2500 17.2 100-0-0-0 2-1 2380 16.4 100~-0-0-0
2-2 2260 15.6 100-0-0-0 2-3 NO TEST
2-4 2320 16.0 100-0-0-0 2-5 2220 15.3 100~0-0-0
: Ave. 2400 16.5 100~-0-0-0 Ave. 2410 16.6 100~0-0-0
: s.D. 180 1.2 S.D. 140 1.0
; 6061- | NONE FEENA F6INA
s 76 1-1 4150 28.6 100-0 1-2 3260 22.5 100-0
! 1-3 3740 25.8 100~0 1-4 3300 22.7 100~0
: 1-5 3840 26.5 100-0 2-1 3050 21.0 100-0 »
: 2-2 3480 24.0 100-0 2-3 3110 21.4 100~0 {
: 2-4 3730 25.7 100-0 2-5 3050 21.0 100~0 :
. Ave. 3790 26.1 100-0 Ave. 3150 21.7 100-0 :
; . s.D. 240 1.7 $.D. 120 .8 i
, BR127 | F6FBA FGFEA
} 1-1 4140 28.5 100-0-0-0 1-2 3450 23.8 70-0-30-0
i 1-3 3570 24.6 95-0-5-0 1-4 3170 21.8 80-0-20~0
: 1-5 3960 27.3 100-0-0~0 2-1 1530 24.3 100-0-0-0
; 2-2 3640 25.1 100-0~0~0 2-3 3610 24.9 75-0-25-0
: 2-4 4160 28.7 100-0-0-0 2-5 3180 21.9 70-0-30-0
Ave. 3890 26.8 100-0-0-0 Ave. 3390 23.4 80-0-20-0
3.D. 280 1.9 S.D. 200 1.4
XA3950 | FEFMA F6FMA !
1-1 3300 22.7 60-0-40~0 1-2 3200 22.1 50-0-50~0 :
) 1-3 5600 38.6 90-0-10-0 1-4 3330 22.9 100-0-0=-0 |
B 1-5 3980 27.4 100-0-0-0 2-1 2530 17.4 70-0-30-0 »
2-2 4060 28.0 0-0-100-0 2-3 3140 21.6 80-0-20-0
2-4 4120 28.4 0-0-100-0 2-5 3100 21.4 60-0-40-0
Ave. 4210 29.0 50-0-50-0 Ave. 3060 21.1 70-0-30~0
8.D. 840 5.8 s.D. 310 2.1 :

: NCTES: 1. Tested @ 200°F (93°C), after 14 days @ 2C0°F (93°C), 95-100% R.H.
i 2. See rigure 9, page 18.
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INDIVIDUAL LAP SHEAR TEST RESULTS POR F182-7 ACHESIVE
O MACHINED SPECIMENS PREPARED WITH OPTIMIZED FPI, ZTCH

- T
Test Temp. 72°r {(22°C) Dry 200°F (93°C) Af:ar Mlnql
Adher. Spec. Strength ruluuz Spac. strength Fuluznz
Alloy | Primer | No. psl D nede to. pei [Ty Mode
5052-| NONE MSONC MSONC
H34 7-1 4040 27.8 30-70 7-2 1820 12.5 20-80
7-3 3520 24.3 40-60 7-4 1930 13.7 20-80
7-5 3650 25.2 30-70 8-1 1980 13.6 30-70
8-2 3500 24.1 40-60 8-3 1670 11.5 40-60
8-4 3460 23.8 30-70 8-5 1720 11.9 30-70
Ave, 3630 25.0 35-65 Ave. 1830 12.6 30-70
§$.D. 236 1.6 §.B. 146 1.0
BR127 | M50BC MSOBC s
-1 2620 18.1 0-0-40-68 3-2 1200 8.3 0-0-0~100
1-2 2740 18.9 20-0-20-60 3-4 1080 7.4 0-0-0-1¢Co =
1-5 3000 20.7 10-0-20-70 4-1 1290 8.9 0-0~0-160 =
2-2 2550 17.6 0-0-80-2C 4-3 1350 9.3 0-6-0-100 =
2-4 2830 19.6 0-0-2C-80 4-5 1250 8.6 0-0-6-122
Ave. 2750 19.9 $-0~35-60 Ave. 1240 8.3 J-0-0-100
s.D. 178 1.2 S.D. 105 0.7 E
XA3950( MSamC MSOMC =
1-1 3220 22.2 90-0-0-10 3-1 1680 11.6 0-0-0~1¢0 E
1-3 2990 20.6 80~0-0-20 3-2 1800 12.4 0-0~0~12¢C 3
1-5 1270 22.1 90~0-0-10 3-5 183¢C 12.6 0-0-0~192
2-2 2960 20.4 70-C-0-30 a-2 2050 14.1 0-0-5~13% 3
2-4 3380 23.3 60~0-0-40 4-43 1800 12.4 0-0-0~102 E
Ava. 3160 21.8 80-0-0-20 Avas. 1830 12.6 0-0-0~10C =
S.D. 182 1.3 5.0. 135 0.9
6C61-| NONE MBONC MBONC .‘
T6 1-1 4711 32.5 90-10 1-2 2240 15.4 1090 = -
1-3 3928 27.0 95-5 1-4 2227 15.3 40-6C =
1-5 3748 25.56 90-10 2-1 182 15.¢ 40-60 3
2-2 401¢ 27.7 90-10 2-3 2120 14.6 30-70
2-4 3740 25.8 95-5 2-5 2162 14.9 4C-60
Ave. 4028 27.8 90-10 L Ave, 2186 15.1 30-7
§.D. 400 2.8 | S.b. 49 e.3 =
BR127 | M60BC | MBOBZ
1-1 3491 24.1 0-30-0-7C 1o1-2 4065 28,0 -
1-3 3158 28.3 0-40-0-60 I 1-¢ 388¢C 26.7 .
1-5 3698 25.0 £-39-3-7¢ Lo2-1 3444 23.7
2-2 4020 27.7 | 0-40-C-62 [ 2-3 31s¢ 1.7
2-4 4004 27.6 | 0-50-9-50 2-5 2971 8.5 |
Ave. 3864 26.6 0-40-0-62 Ave. 3502 24.1 =
s.0. 260 1.8 l: S§.D. 466 3.2 ‘
o i E
i 1
XA3950! Meomc ! mecuC H E,
3-1 EYERY 28.6 30-0-C-7¢ io3-2 2238 i5.4
3-3 4153 :8.6 40-0-2-63 3-4 2144 14.2
3-% 4265 | 9.4 10-6-0-70 4-1 2038 14.9 :
4-2 343e 23.7 1 9-40-50-0 q-3 1825 12.5
! i 4-4 3933 27.1 ‘-:)-40-63-) 4-5 1618 11.2 ‘
i i ! |
i J | Ave. 3389 R | 20-15-25-3C |, Ave. | 1373 13.6 1 S-0-1-32%
. ‘ .D. RS A ' 5.D. 251 1.° )
L _L 4| s-0 L > ! 1 i ° H .

NOTE: 1. Tested @ 2CO°F (93°C), after ld4 days 3 zOO'F :93°C:, 95-130% R.H. 3
2, See Figure 9, page 19. =
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z INDIVIDUAL LAP SHEAR TEST RESULTS FOR 96J1iNW ADHES IVE
Ot MACHINED SPECIMENS PREPARED WITH OPTIMIZED FPL ETCH

Test Temp. 72°F (22°C) nry r 200°F (93°C) Aftar ;u;xng1
v
Adhar. Spec. Strength Failure* sSpec. j Strength Failure ?
- Alloy | Primer | No. P81 MPa Mode o, psL MPa Mode
5052-! NCNE | Msoe M3NB
K34 1-1 1130 28.5 40-60 [ :-2 850 5.9 |NOT AVAILABLH
2-1 3190 28.2 SC-5¢ po1-4 1000 6.9 £0-20
i 2-2 4130 28.5 40-60 2-3 1109 7.6 30-30
3-2 «130 28.5 60~40 3-1 1970 7.4 70-30
6-~13 4130 28.% 40-6% 6-2 1850 7.2 70-30
Ave. a120 28.4 45-55 Ave. 1010 7.0 70-30
.D. o 5.D. 1o -
i s D 1.\/ AR 1- [ e o f
| | i
BRL27 | M508BB | MSGBB |
1-1 1590 .6 | 9-0-20-80 P12 | nao 7.3 | 9-0-19-90
2-2 4380 30.2 0-0-40-60 v2-3 1720 11.9 0-0-3C~7C
4-4 4432 32.5 9-0-39-7C 1s-1 1370 2.4 10-0=-10-80
5-5 1380 0.2 N=0-75-30 6=/ 1330 9.2 d-3-19%-90
63 4320 32.3 0-0-35-7 6-5 1240 6.5 9-0-10-3C
Ave. 5430 2.6 9-0~49-60 Ave. { 1360 9.3 ¢-0-15-85
s.C 99 .6 5.D. 220 1.5
XA3950 | mM5CHB MSTMD
1-1 3720 25.6 NOT AVAILABLE 1-2 1070 1.4 |NCT AVAILABLA
2-2 428¢ 29.5 " " 2-4 650 4.5 |* -
3-2 4232 29.2 * -4 790 5.9 * !
54 334G 27.2 " 5-1 710 4.9 | :
6-5 4160 29.7 g " 5-3 586 4.0 |
| Ave. 4070 8.0 ' ' Avae. 760 5.2 " ”
s.D. 230 1.6 S.D. 196 1.4
6061-; NONE M6CNB ME0ONB
T6 | -1 5110 35.3 30-70 1-§ 1765 11.7 26-30
1-4 5C3C 14.7 20-80 2-1 1539 19.5 76-30
2-2 4320 33.9 10-99 2-4 1469 16.1 70-30
4-3 4200 33.8 20-80 a-1 420 2.5 130-0
4-5 4740 22.7 40-60 44 440 3.0 100-0
Ave. 4340 33.1 25-75 Ave. 11 7.7 80-20
S.D. 140 1.0 $.90. 630 4.3
i
BRi2T | MecEB | weons
1-1 53562 36.9 0-0=72-30 1-2 illo 5.7 0~0-2¢-8C
] 1-3 €399 37.1 0-0-7C-1C -4 110 7.6 C-0-10-92
! 1-5 4950 34.1 ¢-C-12-9C 21 1:80 8.1 | 40-0-0-60
2-2 574C 9.6 C-0-72-3C 2-3 1i92 8.2 40-5-0-60
2-4 5642 38.9 2-0-70-30 2-5 1092 7.5 30-0-C-73
Ave 5410 37.3 0-0-60-490 Ave. 1130 7.8 20-0~5-73
$.D. 310 2.1 s.D. L) 3
XA950 , M6OMB MBONMB
1-2 SCid 34.5 0-0-16-3¢ 1-3 1912 13.2 $-0-3C-78
2-1 2¢IC 34.5 0-0-20-80 2-2 2230 15.4 G=0-40-60
4-1i 5340 36.8 METAL FAILURE 4=z 2100 14.3 0-2-3-10C
2-4 5050 34.8 0-0-0-13 4-5 1870 12,9 | 0-2-13-33
5-4 $CS0 34.8 2-0-0-120 5-3 1535 18.5 | 10-0-20-70
Ave. 5330 35.1 0-C-5-3% | Ave. 1930 13.3 | 0-0-20-82
| 5.0, 140 l e | s.D. 27¢ 1.8 E
n

NCTE: 1. Tested 3 200°F (93°C), after 14 days 2 2uC°F {93°7;, 23-130W R.H,
2. 8§se Pigure 9, page 14,




INDIVIDUAL LAP SHEAR TEST RESULTS FOR R 7114 ADHESIVE
ON TINGER SPECIMENS PREPARED WITH OPTTMIZED FPL ETCH

e ———

- s e ——.

Test Temp.
P 72°F (22°C) pry 200°F (93°C) After Aging®
Adher. Spec. Strength F 2 N
ailure Spec. Strength Failure?
Rlloy | Primer | No. psi MPa Mode Ho. psi MPa Mode
5052 NONE | FsonD FSOND .
H34 1-1 2640 18.2 0-100 1-2 80 0.6 0-100
1-4 3110 21.4 0~-100 1-4 80 0.6 0~100
2-1 3400 23.4 0-100 2-1 90 0.6 20-80
2-3 2810 19.4 0-100 2-3 80 0.6 10-90
2-5 2820 19.4 0-100 2-5 90 0.6 20-80
Ave. 2960 20.4 0~100 Ave. 80 0.6 10-90
s.D. 300 2.0 s.D. 10 0.0
BR127 | F508D F50BD v
1-1 2830 19.5 0-0-0-100 1-2 110 0.8 0-0-~0-100 ;
1-3 2750 18.9 0-0-0-100 1-4. 90 0.6 0-0-0-100 ;
1-5 2700 18.6 0-0-0-100 2-1 90 0.6 | 0-0-0-100 %
2-2 3100 21.4 0-0~0-100 2-3 110 ¢.8 0-0~0-100 i
2-4 3130 21.6 0-0-0-100 2-5 90 0.6 0-0-0-100 i
Ave. 2900 20.0 0-0-0~100 Ave. 100 0.7 | 0-0-0-100 i
s.D. 200 1.4 S.D. 10 0.1 :’
XA3950 | FsoMD FSCMD
1-1 2870 19.9 0-0-0-100 1-2 90 0.6 0-0-0-100
1-3 2970 20.5¢ 0-0-0-100 1-4 70 0.5 0-0~0-100
! 1-5 2810 19.4 0-0-0~-100 2-1 130 0.9 0-0-0-100
2-2 3420 23.6 0-0-0-100 2-3 80 0.6 0-0~0-100
2-4 3200 22.0 0-0-0~-100 2-5 100 0.7 0-0-0-100
Ave. 3050 21.0 0-0-0-100 Ave. 90 0.6 0-0~0~-100
S.D. 250 1.7 S.D. 20 0.1
6061 NONE | F6OND FGOND
T6 1-1 2050 14.1 0-0~-0-100 1-2 100 0.7 0~0-0-100
1-3 2230 15.4 0-0-0-100 1-4 110 0.8 0-0-0~100
1-5 2100 14.5 0-0-0-100 2-1 70 0.5 0-0-0-100 ;
2-2 2740 18.9 0~0-0-100 2-3 70 0.5 0-0-0-100 :
2-4 2870 19.8 0-0-0-100 2-5 80 0.6 0-0-0-100 :
Ave. 2400 16.5 0-0-0-100 Ave. 20 0.6 0-0-0-100
"§.D. 380 2.6 s.D. 20 0.1
3
BR127 | F60BD F60BD
1-1 3580 24.7 0-0-0~100 1-2 120 0.8 0-0-0-100
1-3 3280 22.6 0-0-0-100 1-4 110 0.8 0-0-0-100 ;
1-5 3030 20.9 0~0-0~100 2-1 110 0.8 0-0-0~100 1
2-2 | 3350 23.1 0-0~0~100 2-3 120 0.8 0-0-0~100 ;
2-4 3270 22.5 0-0-0~100 2-5 180 1.2 0-0~0-100 5
Ave. 3300 22.7 0-0-0~100 Ave. 130 0.9 0-0-0-100
s.D. 200 1.4 $.D. 30 0.2
XA3950 | FeomD F60MD
1-1 80 0.6 0-0-0~100 1-2 80 0.6 0=0-0-100 ‘
1-3 80 | 0.6 0-0-0~100 1-4 80 0.6 0-0-0~100 J
1-5 100 ' 0.7 0-0-0~100 2-1 100 0.7 0~0-0~100
2-2 120 ' 0.8 0-0-0-100 2-3 120 0.8 0-0-0-100
2-4 120 0.8 0-0-0-100 2-5 120 0.8 0-0-0-100
Ave. 100 0.7 0-0~0~-100 Ave. 100 0.7 | 0-0-0-100
S.D. 20 0.1 §.D. 20 0.1

| NOTE3: 1. Tested @ 200°F (93°C), after 14 days @ 200°F (93°C), 95-100% R.H.
2. 8ee Tigure 9, page 18.
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR AF-180 ADHESIVE
ON MACHINED SPECIMENS PREPARED WITH OPTIMIZED ppr, ETCH

Test Temp. 72°F (22°C) Dry 200°F (93°C) After Aging!
2
:il?er. Spec. ‘ Strength ‘ Failure Spec. Strangth Failure 2
oy | Primer | No. I~ ps1 . MPa | Mode No. psi MPa . Mode
5052 NONE MSONE MSONE g
H34 1-1 4560 31.4 10-90 3-2 -2700 18.6 5-95 {
1-3 4590 3.6 10-90 3-4 2680 18.4 5-95 ¢
1-5 4680 32.3 10-90 4-1 1910 13.2 10-90 :
2-2 4690 32.3 10-90 4-3 2320 16.0 10-90 :
2-4 4770 32.9 10-90 4-5 1800 12.4 10-90 :
Ave. 4660 32.1 10-90 Avae. 2280 15.7 10-90 i
s.D. 80 0.6 S.D. 420 2.9 :
}
BR127 | MSOBE MSOBE Y %
1-1 3730 25.7 0-0-10-90 3-2 1140 7.8 0~0-0-100 |
1-3 3810 26,3 0-0-10-90 3-4 1230 8.5 0-0~0-100
1-5 3910 27.0 0-0-10-90 4-1 1180 8.1 0-0-0-100
2-2 3890 26.8 0-0-10-90 4-3 1150 7.9 0-0-0-100
2-4 3870 26.7 09-0-10-90 4-5 1010 6.9 0-0-0-100
Ave. 3840 26.5 0-0-10-90 Ave. 1140 7.9 0-0-0-100
s.D. 70 0.5 5.D. 80 0.6
XA3950 | MSOME MSOME
1-1 3960 27.3 0~0-0-100 3-2 1500 10.4 0-0-0-100 ;
1-3 4030 27.8 0-0-0-100 3-4 1370 9.4 0-0-0-100 !
1-5 4110 28.3 0~0-0-100 4-1 1180 8.1 0-0-0-100 :
2-2 3910 27.0 0-0~0-100 4-3 1480 10.2 0-0-0-100 ;
2-4 3900 26.9 0-0-0-100 4-5 1340 9.2 0-0~0-100 i
Ave. 3980 27.5 0-0-0-100 Ave. 1370 9.5 0-0-0-100 !
S.D. 20 0.6 S.D. 130 0.9 ;
‘
6061 NONE | MGONE M6ONE i
T6 1-1 5700 39.3 0-100 1-2 3400 23.4 10-90 :
1-5 5410 37.3 0-100 2-3 3280 22.6 10-90 :
2-2 5260 36.2 10-90 3-4 2030 14.0 20~80 :
3-3 4620 3l1.8 0-100 4-1 2350 16.2 40-60 }
4-4 5110 35,2 0-100 4-5 2320 16.0 40-60
Ave. 5220 36.0 0-100 Ave. 2680 18.5 25-75
$.D. 400 2.8 §.D. 620 4.3
BR127 | M6OBE M60OBE :
1-1 4670 32.2 0+0-10-90 3-1 2060 14.2 10~-0-0-90
1-3 4630 31.9 0-0-10-90 3-3 2090 14.4 10-0-0-90
1-5 4580 1.6 0-0-0-100 3-5 2250 15.5 20-0-0-80
2-2 4860 33.5 0-0~10-90 4-2 2660 18.3 0-0~0-100
2-5 4810 3.l 0-C~10-90 4-4 2420 16.7 0-0-0-100
Ave. 4710 32.4 0-0-10-90 Ava, 2290 15.8 10-0-0-90
s.D. 120 0.8 s.D. 250 1.7
XA950 | M6OME MEOME :
1-1 4960 37.2 0-0-0-100 1-3 3000 20.7 0-0-0-100
2-2 5160 35.6 0-0-0~100 2-1 2120 14.6 0-0-0-100
3-1 5000 34.5 0-0-0-100 3-2 2450 16.9 10-0-0-90
3-3 4920 33.9 0-0-0-100 3-4 2340 16.1 20-0-0-80
4-1 4750 32.7 0-0-0-100 4-3 2220 15.3 10=0-0-90 3
Ave. 4960 34,2 0-0-0~100 Ave. 2630 18.1 10-0-0-90
$.0. 150 1.0 $.D. 410 2.8
NOTES: 1. Tasted @ 200°F (913°C), after 14 days @ 200°F (93°C), 95-100% R.H.
2. 8ee rigure 9, page 18.
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= INDIVIDUAL LAP SHEAR TEST RESULTS FORLRI1CU-172 AZHEGIVE
H ON MACHINED SPECIMENS PREPARED WITHOFTIMIZED FPL ETCH

T TT 1
Test Temp. | 72°F (22°C) Dry ig 200°F (93°C) After Aing. ,
+ ]
T - |
“dher. lSpec. strength | Failure - T; | Strenceth Farlure 2 |
lloy | Primer | No. psi MPa Mode i psi MPa Mode
SIVEK MEDNA i ! !
| H34 1-1 a3l 9.7 15-95 poo27%a 9.0 ] ios-d !
; ! 1-4 140 8.3 10-292 | 2840 13.6 :
! 2-1 a:30 29.8 10-90 vo2710 18,7 |
2-2 4290 23,6 19-90 I 3229 22.2 |
G-1 38%3 4.7 3¢-1C | 2320 IT.32 !
| !
Ave, a129 28.4 25~75 | 2880 3.8 10— )
s.o. 3¢ 2t o200 1.4 |
i i
i ; i
BR127 [M3UBA |MJQBA | \
1-1 .1 TS A S ST
Yot <z - { N t o ' |
1-3 28.7 v2=3 1 2300 |
2-2 6.7 I: 3-1 i 273 i
4-3 2 Ptoa-3 ] 2540 . |
$-4 v Pogez 0 elo ) i '
I ; | P o o
| Ave. 26.5 Ave. 2633 | 20D TESD-0- |
| 5.0 1.5 | S0 | i [ .8 :
| ' —— |
! XA3950 (MICHA ixsc+m |
]
! 1-1 al4c .5 i o1-2 3 13.7 PRT !
! 1-5 $362 c T - R T TS o |
4-1 a4z : PR T b N !
3-3 4470 .5 | 4-3 2ves ---- I
4-4 139¢C N |i G-5 2BGC ---- !
H i H 1
!| . 1 !
i | | ave. 4400 3.3 25-0-80-C i R R
i i $.D. 175 1.1 j o= i
: . + d
. ] | | i
. 50¢1 NoHE A | !
i T8 3-1 478C 32,9 152-C po17.7 !
! 3-3 4890 33.7 1GC-0 ’ 18.90 i
; 3-: 4860 33.3 136-¢ by {
3-2 4340 AR 13¢-2 | 1305 1
! -4 5345 34.2 133-5 ColaLs
' I ave. 4380 33.6 | 103-0 | 13.2 ! PRTENE)
! s.o. 62 5.4 S P !
| . i
i BRLZ T [M6LEA ! i
] 1 N !
| ! oi-s 515¢ 35, b2z | |
X I 2a 345¢ v ! 2701
| boges 3252 1€ b |
; | 3-2 5236 35.3 | 25t | :
I 5-4 5302 Je. 2 P2 i :
: i i
i Ave. | 5080 36.4 Go2-180-0 23,4 !
5.0, l & c.3 1 9.
T T I
! XA3J950 [mgoMi ! :
5-2 1 |
5_‘; l‘ '
: o - |
! joeTe R :
! | boens : :
i : 6-% : !
| ! |
\ 1 | Ave. 2z R
t i - 1
t $.0. !
S L j

NOTES: 1. Tesgted 3 200N°F (03°C), after 14 days 3 I007F i33°0), 2C-1008 RLH.
2. See Figure 9, page 18.
3. Adherend Faslure.
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INDIVIDUAL LAP SHEAR TEST RESULTS FOR MA 429 ADHESIVE
ON MACHINED SPECIMENS PREPARED WITH OPTIMIZED FPL ETCH

L]
Test Temp. 72°F (22°C) Dry 200°F (93°C) After Aqinql
dher. Spec. Strength Failure? Speac. Strength 2
lloy | Primer | No. [XES MPa Mode No. psi 4 MPa P‘::::.
5052 HONE | MSONF MSONF
H34 1-1 4800 33.1 60-40 1-3 1460 10.1 90-10
1-4 4510 3.1 70-30 1-6 1630 11.2 90~10
1-7 4830 33.3 70-30 2-1 1230 8.5 90~10
2-2 4750 32.7 70-30 2-4 1180 8.1 90-10
2-6 4660 32.1 70~30 | 2-5 1250 8.6 90-10
Ave. 4710 32.5 70-30 Ave. 1350 9.3 90-10
S.D. 130 0.9 S.D. 190 1.3
8R127 MSOBF MSOBF
1-2 4530 31.2 90-10 1-3 2140 14.7 20-80
1-6 4450 30.7 90-10 1-5 2280 15.7 30-70
2-1 4520 31.1 90-10 1-7 2330 16.1 30-70
2-4 4440 30.6 90-10 2-3 2280 15.7 40-60
2-6 4510 31.1 90-10 2-7 2160 14.9 20-80
Ave, 4490 30.9 90-10 Ave. 2240 15.4 25-75
s.D. 40 0.3 5.D. 80 0.6
XA3950 | MSOMF MSOMF
1-1 4620 31.8 80~-20 1-3 2280 15.7 10-90
1-4 4630 31.9 80-20 1-6 2100 14.5 10-90
1-7 1440 30.6 80-20 2-1 1940 13.4 20-80
2-3 4450 30.7 80~20 2-4 2040 14.1 20-80
2-6 4470 30.8 80-~20 2-7 1780 12.3 20-80
Ave. 4520 31.1 80-20 Ave. 2030 14.0 15.75 1
S.D. 20 0.7 s.D. 190 1.3
6061 | NONE MGONF MEONF
T6 1-1 5290 16.5 80-20 1-2 590 4.1 100~0
1-3 5340 36.8 80-20 1-4 540 3.7 100-0
1-5 5060 34.9 70-30 1-6 540 3.7 100-C
2-2 5460 37.6 80-20 2-1 480 3.3 100~0
2-4 4940 34.3 70-30 2-3 590 4.1 100-0
2-6 5480 37.6 70-30 2-5 550 3.8 100-0
Ave. 5260 36.2 75-25 Ave. 550 3.8 100-0
s.0. 220 1.5 s.D. 40 0.3
BR127 | M6OBF ME0BF
1-1 5500 37.9 0-0-90-10 1-2 1150 7.9 10-90
i-3 5310 36.6 0-0~80-20 1-4 1200 8.3 20-80
1-5 5580 38.4 5-0-80-15 1-6 970 6.7 40-60
2-2 4880 33.6 0-0-70-30 2-1 760 5.2 20-80
2-4 5260 36.2 0-0-70-30 2-3 870 6.0 10-90
2-6 5100 35.1 0-0-70-30 2-5 820 5.6 20-80
Ave. 5270 36.3 0-0-75-25 Ave. 960 6.6 20-80
. S.D. 260 1.8 S.D. 180 1.2
3
}
E XA3950 | MEOMF HEOMF
' 1-1 5490 37.8 5-0-7C~25 1-2 2230 15.4 10-90
! 1-3 5240 36.1 0-0-70-30 1-4 1750 12.1 10-90
i 1-5 5590 38.5 5-0~70-25 1-6 1680 11.6 20-80
: 2-2 5760 39.7 5-0-70-25 2-1 820 5.6 20-80
i 2-4 5600 39.9 5-0-60-135 2-3 730 5.0 20-80
} 2-6 5680 29.1 5-0-65-30 2-5 870 6.0 20-80
Ave. 5590 18.5 5-0-70-25 Ave. 1350 9.3 15-85
; s.D. 210 1.4 s.D. 620 4.3

NOTES: 1. Tested @ 200°F (33°C), after 14 davs @ 200°F (93°C), 95-100% R.H.
2. 82e Figure 9, page 18. 88
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APPENDIX VII

INDIVIDUAL SPECIMEN FLOATING ROLLIR PEEL
TEST DATA

The data presented here are for the tests and results —=- =

discussed in Paragraphs 2.3.2 and 3.2.
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INDIVICUAL FLOATING ROLLER PEEL TEST RESULTS
FOR LR 100-172 ADHESIVE

T

Test Temp. 72°F (22°C) Oxy -65°F (-54°C) T
Adher. Spec. 5“*’"9;? ; Pailure” Spec. o _Strength < Failuge °
iloy | Primar | No, e O Wo. $/in. N/am o
piloy width Mode Wo. Dr widen | widen Hode
2024- | NONE 1-1 40.3 90-10 1-2 16.9 29.6 150-0
T3 1-3 46.1 90-10 1-4 17.9 313 100-0
2-2 48.2 100-9 2-1 24.1] 42.5 90-10
2-4 R4.7 l00-0 =3 23.4 41.0 100-2
Ave. 44.8 98-5 Ave. 20.6 36.1 95-5
8.D. 3.3 S§.D. 3.8 6.6
BR127 i-2 6.1 0-0-10C-¢ 1-1 6.2 10.9 0-0-100-0
1-4 S.1 0-5-100-0 1=3 3.8 6.7 Q-0-100~0
2-1 7.2 0-0-100-C 2-2 3.3 $.8 D-0-100-C
2-1 9.5 0-0-100-0 2-4 5.7 10.¢ 0-0-100-0
Ave. 7.0 0-0-100-C Ave. 4.7 8.4 | 0~C-100-u
5.0. 1.9 $.0. 1.4 2.5
6061-| NONE | 1-1 24.9 10¢-0 1-2 15.3 26,8 90-10
16 1-3 23.8 100-0 1-4 15.7 27,5 96-10
2-2 14.¢ 19G-0 2-1 13.2 23.1 90-10
2-4 18.7 100-9 2-3 13.3 23.3 99-19
Ave. 20.4 1c0-0 Ave. 14.4 28.2 ac-1%2
$.D. 5.0 s.0. 1.3 2.3
8R127 1-1 3.8 6.1 0-0-100~0 1-2 3.1 S.4 9=-0-103-2
1-3 7.1 12.4 100-0-0-0 1-4 2.9 5.1 0=0-100-2
2-1 2.8 4.9 0-0-100-0 2-1 2.0 3.5 0=-0-100-C
2-4 3.9 6.8 0-0-100-0 2-3 4.1 7.2 0-0~-100-0
Ave. 4.4 7.6 25-0-75-0 Ava. 3.0 5.3 0-0-10G-¢
s.D. 1.9 3.3 S.D. 9.9 1.5
5052-] NoNE | 1-1 26.6 100-¢ 1-2 19.9 34.8 30-72
H34 1-3 9.8 100-0 1-4 i7.9 31.2 30-70
2-2 39.0 100~-9 2-1 16.2 3l.9 3¢-72
2-4 35.0 10¢-9 2-3 17.9 3.3 30-70
Ave. 32.6 100-0 Ave. | 18.4 12.3 30-70
s.D. 5.5 5.0. 1.0 1.7
BR127 1-1 3.1 5. 4 0=-0-100~0 1-2 3.2 $.6 0-2-100-2
1-3 2.6 4.6 0-0-100-0 1-4 2.3 4.C 2-2-100-9
2-2 3.5 6.1 0=-C~100-0 2-1 3.7 6.5 0-0=10C-C
2-4 2.8 4.9 ¢-0-100-92 2-3 4.3 7.5 0-L=-100~2
Ave, 5.3 0-0-102-9 Ave 3.4 5.9 Q=C-1Qr-~C
§.D. ¢.? $.D. .8 1.8
NOTE: 1. Tested at -65°F (-54°C) after 10 manutes At <65°F (-%4°C).

3.

Ses Yigure 9, page 19.
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INCIVIDUAL FUOATING ROLLER PEEL RESULTS FOR R382-17 ACHESIVE

ON OPFTIMIZED FPL ETCH ADHERENDS, PRIMED WITH BR127

T
B ‘l Test Temp. ’ 72°F (22°C) Dry ~65°F (-54°C) >
SR ‘
N il . e Strength Strength
[ Adherend E Spec { Failure? Spec. S Failure’
| ihaoy lo. les/in. N/em Mode No ins/zin. t/em Mode 1
I of widinl ¢f widsh ot widtn | of wide: N |
i
1
! 2024-T3 l 1-1 13.2 23.1 0-~0-60-40 1-2 3.5 6.1 0-0-80-29
1-3 15.1 26.4 0-0-60-40 1-4 3.8 6.7 0-0-80--20
| 2-2 15.9 27.8 0-0-60-40 2-1 2.7 4.7 0~0-80-20
| boo2-4 17.2 30.1 0-0-50-30 2-3 a.l 7.2 0-0-80-20
M|
i | Ave. 15.4 26.9 0-~0-60-40 Ave. 3.5 6.2 0-0-80-20
; [ s.D, 1.7 2.9 5.D. 0.6 1.1
[ i \
'( t
i 6C61-T6 i-1 22.2 38.¢ 10-0-70-20 1-2 7.8 13.7 0-0~90-i0
! 1-3 23.4 41.0 10-0-70-20 1-4 5.5 9.6 | 0-0-90-1
' ! 2-2 22.9 40.1 0T AVAILABLE 2-1 7.7 13.5% : N-0~5C~10
oaeg 21.6 37.8 10-0-80-10 2-3 5.9 1.3 | 0-0-90-10
E 1 Rve. 22.5 39.5 10-0-75-15 Avo. 5.7 11.8 0-0-30-10
L 5.1 0.8 _| 1.4 s.p. ' 1.2 2.1
L 5952-H34 1-1 26.5 46.4 10-0-50-40 1-2 19.5 34.1 0-C-60-40
} 1-13 27.4 48.0 16-0-50-40 || 1-4 20.9 35.6 0-0-60-40 |
| 2-2 21.4 37.5 16-10-5G-30 2-1 19.8 34.7 0 18-le-Du-s
! 2-4 20.5 35.9 10-10-40-40 2-3 13.1 31.7 | 10-10-30-34
|
I Ave. 24.0 42.0 10-5-45-40 Ave. 19.6 34.3 1 5-5.55-3y
_s.Dn. 3.5 6.1 ! S.D. 1.2 2.0 !
INDIVIDUAS, FLOATING ROLLER PEEL PEZULTS POk EAVGLINW ADIIESIVE
£ ON OPTIMIZED FPL CTCH ADHE ENDS, PRIMEC WITH BR127
»
}i 2024-T3 1-1 6.7 64.3 0-0-0~100 -2 . 3.2 | ssa | 10-0-0-90
: 1-3 39.1 68.5 0-0-0-100 1-a 13200 | s7.6 | 10-3-8-90 )
\ 2-2 45.0 78.8 0-0-0-190 -1, sl.4 55.0 | 50-0-20-30 :
E: 2-4 42.4 74.2 0-0-0-100 2-3 36.9 64.6 50-0-20-10 :
3 Ave. 0.0 71.5 0-0-0-100 Ave 13.6 53.8 30-0-19-60 i
5.D. 1.7 6.4 5.D. 2.4 4.1
6061-T6 1-1 54.7 95.8 0-0-0-100 j 1-2 31.6 55.3 57-0-0-50
1-3 53,2 93.2 0-0~0-100 i o1-4 3.1 58.0 60~0=0-40
2-2 2.2 91.4 0-0-0-100 o2-1 5 o33 58.7 60-0-5-40
2-4 47,8 83.7 0-0~0-1u0 2-3 1 z4.) 42.5 80~53-0-C0 I
Ave. 52.0 91.0 0-G-0-100 i| ave. 3c.5 53.5 60-0-0-49
S.D 3.0 5.2 [| s.D. 4.3 7.6
5052-134 1-1 2z.9 40.1 0-3-0-10¢C 1-2 21.9 38,4 9-60-330-10
1-3 331 58.0 0-0-0-100 1-4 24.1 42.2 10-50-30-1;
2-2 30.9 24.1 40~0=1-,0 2-1 9.6 16.8 PSRRI SR
2-4 30.8 53.9 20-0-0-80 2-3 14.7 25.7 0-50-40-10
Ave. 294 51.5 15-6-0-8% Ave. 17.86 30.8 5-50-35-10
S.D. 4.5 7.8 5.D. 6.7 11.7
] i

e = i

NOTE: 1. Testod at -65°F (-54°C) after 10 minutes
2. See Figure 9, page 19.

w
T

=65°F (=54°C).
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INDIVIDUAL FLOATING ROLLER PEEL RESULTS FOR

OoN OPTIMIZED FPL ETCH ADKERENDS,

LE1C0-2%52 ACHESIVE

PRIMED WITH BR127

Test Terp,.

ory

)

-65°F 1-53°C)

Adherend

Alley

Stcrength

Na. ts/un. N/

Qf_ wadth

cf widthl

Failure2
Made

| Spec.
;1 No.

SE:enqth

{ 2024-T3

93.2
86.8
75.8
58.8

78.7
15.1

1 53.2
-3 42.6
2 43.3
4 33.86

44.9
8.6

10~-0-C-90
12-p-v-9¢
53-0-1d-40
5:3-0-3-50

30-0-5-65

e
o
[P S N}

P
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[

Wy D0 W

Ee R SR
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[
rJ
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o
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o
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.
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0. [N

22.7 ‘ 307 '

22.3 7.2 :
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21.n 302 - s
158 l G-lL0- -0
S B
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O

Lo~ au-Q

GiimuedG=G
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VRS R W

1 R | -
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A ! v -
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" oi-2 Y
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e : ‘

: 23 HEE

. 1

! Avae i .7
- [

1-1 20.4 35.7 ;
1-3 6.2 [ a5.0 |
2-2 23,7 41.5 ,
T4 25.8 45.2 )
Ave. 24.0 312.1
3.D. 2.6 4.7
1-1 15,9 I33.3 !
1-3 1).% ! 24.3 i
2.2 i3.3 | 33.3
2-4 Z4.1 ] 42.2
PO 0.0 t 35,9
s.p 2.4 4.2
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APPENDIX VIII B

INDIVIDUAL SPECIMEN STRESS DURABILITY
TEST DATA

The data presented here are for the tests discussed === =

in paragraphs 2.3.3 and 3.3.
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APPENDIX IX

INDIVIDUAL SPECIMEN DCB CRACK GROWTH
TEST DATA

The data presented here are for the tests and results

discussed in Paragraphs 2.3.4 and 3.4.
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